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EXECUTIVE SUMMARY

The Panel on Humarektors in Air Traffic Control Automation proposed to increase the level of
automation in Air Traffic Control (ATC) facilities to accommodate thangh in the number of
flights propcied over he nex decades.Theyalso recormended hataubmation effors in the

near future focus on the development of decision aids for conflict resolution and for maintaining
separation.Developingefficient decision aids requires aayl understandingf human decision
makingand planning Human factors researchers from tleel€ral Aviation Administration

William J. Huches Technia Center conducted semi-structured interviews with 100 Air Traffic
Control Speialists (ATCSs) to raminethar pespective regarding controller decision m&ing

and plaaningand rdated cognitive proesses sud as learning, manory, and situdion avareness

(SA).

ATCSs described a varietf decision-makin@nd planningtrateges. Theyreported that they
plan their first actions and start builditigeir mental picture prior to assumiogntrol of their
position. Most controllers indicated that thajways try to formulate a backup plafhe more
experienced participants were, the more likiblgyreported formulatingpackup plansThe
strateges reported bparticipants sometimes varied accordiagheir type of facility Terminal
controllers wae morelikely than en routecontrollers to rgport usingthefirst straegy tha they
develop instead of consideriadfernatives when a potential conflict is detected or when
workload is hich. Termind controllers dso indiated tha they were less likdy to wait and s&
when tey are notsure f there s a conflct.

Some common themes pervaded participamsivers to mangf the questionsFirst,

participants often reported becomimgre conservative or cautious (eugse a largr buffer)

when confronted with difficulties like bad weather, high workloal, fatigue, and aging. This

reflects the main prioritpf ATC of ensuringsafety Participantsteports also emphasi the
collective nature of ATC Controllers must coordinate their actions and plans with rotrer
actors, such as pilots and controllers workmith and around themResults sugest that
controller SA gnerallyincludes knowledg of the skills and preferences of the other controllers.
The importance of teamwork was also emplheaksizhen participants reported ffitng boredom

by watchingother sectors and protectinther controllers Helpingwithout a specific request
corresponds to the Higst level of team coordinatiofirinally, participants’ responses gJegt

that ATC is a service industgnd that honoringilots'requests is their dutyParticipants
indicated that thegonsider honoringequests based on their workload, on the potential impact
on the traffic in their own sector, and on the impact on the contrallerkload in the neix

secors.

Some of the responses nfagilitate the development and implementation of decision aids
adapted to the needs of controlleBecision support stems should consider the crucial role of
SA in contoller decsion meking and panning. For exanple, accordigto partcipans,
experienced and skilled controllers would haveeater SA than novices and less skilled
contollers. Future decsion ads coutl assure thatthe level of SA would varyaccordng to the
experience and abilitgf controllers. Future support stems should also consider that
controllers start formingheir mental picture before assumitantrol of their position and
provide them with the relevant informatioBecision aids could also help controllers to
maintain their SA of surroundingectors and position&lectronic flight strip sytems mayave

iX



to provide users with wayor procedures that will replace the Higstrip procedures that
currentlysupport controller memoryParticipantsteports emphasid the difficulties bad
weather creates and the need to develsfesys that will support controllers in these conditions.

This studyshould provide investggors with different targts of opportunityor future studies.
One could determine the importance of the differgoés$yof information that controllers collect
to establish their mental picture and to identtyich ones are not usualtpvered in the position
relief briefing Another studycould investigte the frequencthat memorytechniques and
separdbn stategies repomd bythe paricipant are used and usa@ vares accordig to
controllers’ experience and type of facility . Anothe investigation could hdp to assess how mub
controllers ayree on wha characterizes skilled controllers byasking them to rae theimportance

of the different factors identified in the present study

The participants most often requested conflict prope tdecision aidsThis coincides with the
Panel on Humandgtors in Air Traffic Control Automatiosi'recommendation to develop
automated decision aids for conflict resolution and maintaisepgration.Moreover, many
controllers reported thd they have limited trust for &isting systams. A future studycould
therefore concentrate on controllgrerceived needs ragling conflict probes to ensure that
future automaion will meet thar expectations. Somecontrollers wishel tha daa blodk
presentation could be modifiedn interestingquestion would be to determine if an automated
system enphasting differenttypes of hnformation accordng to the stuaion woull hep
controllers. Similarly, other participants wished that data blocks be adde@tmd radar
displays. Determining towe controllers’ needs ould fecilitate theimplementaion of sut a
feaure.

The present studyas provided argater knowledg of controller decision makirend planning
The results maguide desigers of decision supportsgms and help them match these tools
with usersperceived needs and facilitate user acceptahbe.results will also help to identify
targets of opportunityor more focused interviews in field facilities.



1. Introduction

Air Traffic Control Specialists (ATCSs) are decision makers inreagyc environment
involving manyactors, constant updatied relevant information, and, sometimes, conflicting
goals. Theyoften need to make difficult decisions with incomplete information, under time
pressure and higworkload. The Panel on HumaraEtors in Air Traffic Control Automation
proposed to increase the level of automation in Air Traffic Control (ATC) facilities to
accommodate thergwth in the number of fligts projected over the niedecades (Hopkin,
1998; Wickens, Mavor, ParasuramanMcGee, 1998).Theyalso recommended that
automation efforts in the near future focus on the development of decision aids for conflict
resolution and for maintainingeparation.To be effective, these decision suppostsgs must
rely on gpod models of human decision makiiosier, 1997; Mosier &kitka, 1996).

1.1 Backgound

In FY 1999, the Research DevelopmenH&man Rctors laboratoryat the William JHughes
Technical Center initiated thefirst in aseies of studies to investigate ATCS deision-m&ing

strategies. Human facbors researchers frothe Natonal Airspace $stem (NAS) Human Facbrs

Branch (ACT-530) conducted semi-structured interviews with 100 ATCSsataie& their
perspective regding controller decision makingnd planning The gral was to eglore

controllers’ views of importat issus related to theinformaion they use difficulties

encountered, and potential improvemem€T-530 desiged the studyo expand the

knowledg base and serve as a foundation on which to build future research on decision support
automation and training

1.2 Literature Review

1.2.1 Decision Makingand Planningn Air Traffic Control

Controllers collaborate with pilots, technical staff, managnt, and other controllers to assure
the safe, orderlyand eypeditious flow of air traffic. Theyensure safetgy guaranteeing
minimum separation between aircrafto do so, theynust reserve a block of airspace around
each aircraft.This space is defined @aftitude and lateral dimensions and is shaped like a
“hockeypuck” (see Fure 1). The siz of the reserved block has different values in déffi:
regons of the airspace, as defined in the ATC Handbook (FAA, 200@a)example, under
Instrument kght Rules (FR), the minimal vertical separation is 1000 feet at or belbghF
Level (AL) 290. Above, it becomes 2000 feeffactors like the aircraft performance
characeristics and nawgation systens in use ao deérmine he ske of the resticted arspace.
The role of the controller is to not let the reserved airspace of two aircraft overlap (Nolan, 1994).
If theydo overlap, a separation error occurs.



Figure 1. lllustration of aircraft restricted airspace.

ATCSs use different techniques to ensure aircraft separdmme of the most common ones
are sped control, dtitude change, radar vectors, and holdingpaterns (Ammeman, Becker,

Jones, &Tobey 1987). The frequencyvith which controllers use separation techniques differs
greatly from onetype of facility to anothe. For example, redudng spesd in Air RouteTraffic
Control Centers (ARTCCs) may notbe degiable becausd would reduce aitraffic efficiency
However, final approah controllers in temind radar gpproach control (TRACON) failitie s

may use speed comt extensively.

Ensuringthe safetyof aircraft is a controller’s main prioritput another part of thesfieral
Aviation Administrdaion (FAA) mission is to garantee theefficient flow of trefic throudh the
NAS. Providal tha sdety is not @mpromise, drline companies, pilots, ad thetraveling
public have an interest in dficient treffic flow. Controlles must ddress thesomeimes-
conflicting goals of safetyand efficiency‘through an intricate series of procedures, jondgts,
plans, deisions, ommuniations, and awordinded ectivities” (Wickens, Mavor, & McGeg,
1997, p. 21), in an environment in which errors rhaye dramatic consequences.

Decision makers workingn complexenvironments make errors (Reason, 1990)the contek

of ATC, Wickens et al. (1997) proposed that there are tyestyf errors: operational errors and
controller errors.An operational error is a formal desggion and occurs when the reserved
airspace ofwo arcraft overlap or when rmimum separabn crieria are noimet betveen

aircraft and terrain, obstacles, or obstructiolsXF1987). This type of error has more serious
safetyimplications. Controller errors refer to “a much wider rangf inappropriate behaviors
that result from breakdowns in information process{wgickens et al., 1997, p. 103T.hese
errors mayhave minor safetymplications or severe ones.

Most operational errors are made under conditions of moderatétdelgls of workload,
traffic complexty, and traffic volume, and when controllers are workinger the combined
radar/radar associate function (ReddiRgder, Seamster, Purcell, &nnon, 1991)Redding
and his colleages sugested that deficient Situation Awareness (SA) due to a lack b@nap
in monitoringcaused mangrrors. Reddingand Seamster (1994) confirmed the previous
findings when observinthat most operational errors occur with traffic levels of moderate
complexty, with an averag of onlyeight aircraft under control, and immediatéhiowing a
shift break. Theyalso proposed that failure to maintain adequate SA wagoa caase of
operational errors.



Faulty controller decision makingayalso result in operational errors or compromised safety
For example, in November 1975, an Eastern Airlines DC-10 and a Tranisl Wirlines L-1011
almost collided head-on while operatiog the same airwagt A. 350 (Danaher, 1980)The

pilot of theDC-10 avoided themidar collision with an evasive maneuver tha still resulted in 24
persons bein@jured. Investigtion of the incident revealed that a Cleveland ARTCC radar
controller had cleared the Eastern AirlinesHtigp climb throup A 350 to . 370, while the L
1011 was cruisingt A 350. The controller was aware of the potential conflict but decided to
wait hopingthat separation would be ensured when the two aircraft passed eachTbibes.
referred to as “anticipated separatiohe controller assumed that he could keep monitoring
theaircraft on his ralar and deerminein timeif new clearances would ned to beissuel.
However, the controller became absorbed with secoridskg, and another controller relieved
him 1 minute before the near-collisiofhe second controller detected the unresolved conflict
50 seconds after takimayer the position and immediatehstructed the DC-10 to descendne
second before the descent instruction was issued, the DC-10 cagtéaad $iige other aircraft,
which prepared him to exute the evasive maneuver prompeficient decision nking, the
first controller’'s decision not to take immediate positive action, almost causathat collision.

Despitethe chdlenges confrontingATCSs, thenumbe of opeationd errors is still rdatively
low. However, theprojected inaease in ar traffic will put morepressureon thesystan and
emphasie the need to reduce the likelihood of erroffie Panel on HumareEtors in Air
Traffic Control Automation suggsted “decision makinghnaybe improved byrainingand
displays tha are sensitive to straegies tha do work in rel-world environments” (Wickens & d.,
1997, p. 108).The goup subsequentiecommended that automation efforts in the near future
focus on the development of decision aids for conflict resolution and maintagpagation
(Wickens et al., 1998)One concern of the panel is that automated decision aidsgely
incorrectmodek of human decsion making may resut in systens thatare kss effcientthan he
human alone (Hopkin, 1988; Mosier, 1997; MosieBKitka, 1996).The development of
decision support technol@g should therefore benefit from an enhanced understaofiihg
decision-m&ing and plaaningproesses usel in opeationd sedtings by ATCSs. Undestanding
wha situaions m&e thetask of @ntrollers difficult and impar thar paformance will help to
design the most effective decision aidsefbux 1997).

1.2.2 Coqitive Model of the Controller’s Task

Decision makings a comple)rocess.An understandingf its mechanisms requiresarining
decision m&ing in alarger framework in whidh it interacts with many othe cognitive proaesses.
Figure 2 illustrates aameric model of the cagtive processes involved in the ATCS's task,
proposed byVickens et al. (1997)The model includes five cogive stags or processes that
intervene between events (on the left) and actions (on thig: rsglective attention, perception,
SA, decision makingnd planningand action excution. The model suggests that controllers
selectivelyattend to and perceive events to build and maintain awareness of the sitBatisn.
the principal input to decision makiand planningwhich mayresult in the egcution of actions
like communi@tions and keyboad use Themode also illustraes thecontribution of menoryin
the controller's tasklmmediate memorgupports computations and maintains an awareness of
the dyramic aspects of the situatioRrospective memorgllows rememberingctions to be
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Figure 2. Adaptation of Wickens et al.’s (1997) aotjve model of the controller’s task.

performed in the near futre. Controllers draw onhe stuctures of bngtermmemory to access
their static knowledg of the airspace, radar equipment, and weather (Redtaig 1991).
Controllers’ knowledg of ATC and strategs supportingrocesses like decision makiagd
planningreside in longerm memory Decision makingand planningare hidnly dependent on
the processes of attention, perception, merang SA.

Controllers attend to and perceive events that come in diiagent forms. These events

include visual chares on the radar displayvisual scanningf the radar displais a crucial

aciivity for contollers. Scannnginfluences desion meking and panning becausetiplays a

major role in conflict detection and the acquisition and maintenance o§8éndlymade
decisions ma still result in mist&es if they are based on informaion acquired throudn ddicient
scanningprocessesBreakdowns in the serial process of scanmirayresult in a critical event
beingmissed, makinglecision makingnore vulnerable (Stein, 1992 owever, Reddingt al.
(1991) concluded that lack of attention and active processimjormation appears to be laty
responsible for the misuse or misidentification of data rather than decreased visual scanning



SA geatlyinfluences decision makin@gndsley& Smolensky1998). For example, the

sdection of aproblem-solving straegy is based on SA. Similarly, thegods of thedecision

maker influence SAEndsley(1988) gnerallydefined SA as “the perception of the elements in
the environment within a volume of time and space, the comprehension of their maaditiue
projection of their status in the near future” (p. 97).

In a dyhamic environment like ATC, a controller must remain aware of critical features that vary
constantly Endsley(1995) stressed the importance of SA for decision makynmpinting out
thatinaccuraaes or fpsesm SA might lead b a dsaser, evenfi the decsion maeker mekes he

right decision.However, Endslendded that poor SA does not alw#sad to poor performance.

For example, a decision maker nhigrealize his or her lack of SA and adopt striseghat will

reduce the likelihood of poor performancd&ccordingto Endsleyan understandingf SA

should allow desig improvements to decision supporstgms that will provide decision makers
with theinformation they need in an gopropride form.

Several studies have investigd what information ATCSs seek to maintain aircraft separation
and their awareness of the situatidrhe list of relevant pieces of information is véoyg

(known winds, weather patterns, airspace considerations, aircraft turn rate, descent and ascent
rate, etc.), but some seem to ptageater role than othergor example, Helbingand Eyerth
(1995, as cited in Hutton, Olewski, Thordsen, &aempf, 1997) observed that callrsig
altitude, cleared altitude, andiewaypoint accounted for 93% of all demands of information in
thar study Altitude and rdative position wee best manorized and usel morefrequently by
Bisseret’s (1971) subjects, who had been told that gheriexent was concerned with problem-
solvingtime and not menory. After andyzing verbd protomls and inteviews, Leplat and
Bisseret (1966, as cited in Vielgs, Schaeffer, Strireg, Gromelski, &Ahmed, 1990) proposed
that controllers are interested in the future states of pairs of aircraft, arfduhéythat the
following six attributes are compaed in this orde

a Altitude

b. Flight paths

c. Longtudinal separation

d. Rdative speds

e. Direction of flights after reportingoints
f. Lateral separation

Determiningwhat information is used under different stragsgn different conditions would
certainlylead to the desigof decision-makingids that would be compatible with the decision
style and actions of ATCSs.Knowing wha type of informaion is prioritized in different
situations should lead to the development of digalagt are sensitive to the straegyused by
controllers in their operational settm@/Vickens et al., 1997).

Controlles rdy heavily on ther memoryto executethar tasks. The FAA recognized theneed to
investicate the impact of memonn ATC operations (Stein, 1991\ handbook providing
information and helpful hints on human memuwgs developed for controllers (SteinBiiley,
1989).



To help controllers reduce the frequerndyperational errors caused tmgmorylapses, the
Technical Center launched a 8ay research progm to develop practical and effective memory
aids (Vingdis et al., 1990).Gromelski, Davison, and Stein (1992) observed that controllers
perceive memory aids & crutches for unskilled controllers and thad thethree memory aids the

used the most involved strips: strip magragnt, tilted strips, and strip markin@ased on these
observations and some of the other data collected dimng-year research progm, Stein and
Bailey (1994) published a new controller memguyde and made it available in ATC facilities.

Used as amamory ad, flight strips failitate straegic planningand prospetive memory. Flight
strips also support controller decision makinygorovidingvital flight plan information and
allowing the detection of conflictsHowever, use of fligt strips varyenormouslhbetwesn
facilities.

1.2.3 Factors hfluencingDecision Making

Wickens et al.’s (1997) coglive model of the controller’s task illustrates that decision making
and plaaningare highly influenced bythear interaction with cognitive proesses like SA and
memory. Decisions and @ns are @lo deérmined bythe charadristics of he decsion meker,
task, and contex

1.2.3.1 Decision Maker Relatedd€tors

Investigating how experts make efficient decisions ad plans will certainly bendfit the
development of automated decision aitlawever, understandinghat differentiates novices
from experts, or, in other words, howattise develops, mig be even more cruciaDne
concern of the Panel on Humaadtors in Air Traffic Control Automation is that novices who
use decision support pert sytems do not perform as well apexts (Mosier, 1997)Novices
usingautomded ads sem to achieve themost sésfactory results wha “thetask is routineand
covered bystandard procedures” (MosierSkitka, 1996, p. 210)This sugests that automated
decision support syems will be potentiallynore efficient if theyntegate user models that
reflect different levels of gertise.

Many studies have emined the effects of pertise on decision makirand use of strategs.
Accordingto Brehmer (1992), eperienced subjects have learned that, to perform well in a
complexdynamic sgtem, theyhave to adopt ‘gandmother rules.’More specifically compared
to less experienced subjets, the will make fewer decisions, ollect moreinformation beore
makinga decision, and check the results of their decisions before madmngdecisions.

Dreyfus and Drefus (1984) sugested that novices tend to make decisions in a careful,

analytical fashion, whereas perts appear to make decisions quiakher than makingerial

and eXaustive searchesimilarly, Klein (1989) proposed that, in real-world situations,
experienced decision makers learn adasgt of patterns and associated responses and that, in
general, theydo not compare a set of alternatives based on their predicted outcomes but, instead,
recoqnize a situation and retrieve an appropriate response.



In their exensive cogitive task analsis of en route ATC, Reddingt al. (1991) observed how
novice, intermediate, and garienced controllers use stratsgy When compared to novice
controllers, eperienced controllers tend to use a smaller number of s&afeghich include
more control actions and aircraExperienced controllers also useraajer varietyof different
strateges, which indicates that th@pssess a wider repertoire of stragsg

Accordingto Reddinget al. (1991), exerts use more workload marmagent strateigs than
novices. Theyespeciallyuse strategs allowingthem to identifyaircraft that can be @edited
through their sector and reduce the number of aircraft to whichrteeg to attend.
Intermediates also used more workload mamagt strateig@s than begners did, suggsting
thatthe use ofliese sttegies increases Wi experience. The auhors aso conalided hatthe
greater the number of strateg used overall, particulangonitoringstrateges, the fewer the
errors. More spedicaly, three workbad nmanagement strategies are asely associted with a
reduced numbe of erors: deéermining wha to do to &éminate afactor, identifying aircraft that
are not a factor, and determinihgw to eyedite aircraft througyour sector.

Another controller-related factor that is oftentiigcorrelated with eperience is ag Few
studies investigted the effects of atg on performanceBecker and Milke (1998) sggsted
that “the abilityto handle simultaneous visual and auditoput or to return to a task after a
break to mmplde anothe task is gitical to sucess ad is thesort of @gnitive fundion most
affected byage” (p. 944). The authors also pointed out that mafhyhe controllers forminghe
current ATCworkforce were hired after thed?essional Air Traffic ©ntroller Association
strike and subsequent 1981 firibgthen President Reag. Theystressed the importance of
determining the natire and etent of the effecs of agng becauseheybeieve that“a high
proportion of the ATC workforce will be at risk for displag age-related changs in job
performance efficiencgver the nex10 years” (p. 944).

Many studies have investited the effects of agg on cogition (Fsk & Rogers, 1997).Age-
related decrements in decision-makprgcesses have been observed intliygcontrolled
laboratoryexperiments, but studies conducted in more natural sstinig the workplace have
shown more similar performance levels amotdger adults andounger ones (Walker, d@n,
Fisk, & McGuire, 1997).Many of these studies have aeyl that, in numerous working
environments, individuals can use viag/task stratei@s and control the schedulingdifferent
tasks, allowingplder adults to keep performimgprmallyby usingdifferent decision heuristics
(Davies, Tajor, & Dorn, 1992; dhnson, 1990)It is also believed that domain-relevant
experience or skill mantenance might hdp olde individuds to mantain thar peformance level

(Morrow, Leirer, Altieri, & Fitzsimmons, 1994) Controllers mayhang the waythat they
approah tréfic separation problens or mg bringto bexr cognitive proesses thd are not
affected byagng (Becker &Milke, 1998).

Gromelski et al. (1992) reported that 9 out of 10 controllers contend thaheayence
boredom on the jobFew have identified wayto avoid this situationBoredom mayromote
overconfidence and lack of attention, which would make decision makingrable.Low
workload episodes could represent an opportdaitgontrollers to adopt strates that are less
cognitively economical or to emplaypfrequentlyused strategs.



Many other controller-related factors rhiginfluence ATCS decision makirand planning
Stress mayromote problem solvinggidity (Cowen, 1952) Fatigued subjects tend to choose
riskier strateges (Holding 1974). High trait anxety subjects appear to adopt stragsghat
would result in more control over tirmnstrained tasks don & Revelle, 1985).Finally,
depressal individuds may lack thesanelevels of motivaion and willingness & theless
depressed and make anffeetive use of strategs (Williams, Watts, Mackod, & Mathews,
1988).

1.2.3.2 Task-Related &ctors

Decisions made bgecision makers are conteg on manytask-related factorsn ATC
operations, for exmple, the complety of the sector for which thegre responsible, the volume
and omplexity of thetraffic, and timepressures mg influence controllers.

In a simulation presented to approach controllers, Sperandio (1971) observed that, under low
traffic loads, controllers used more direct rousinghich required that thegonsult aircraft
performance information more frequentynder heavyraffic loads, controllers tended to use
standardied routing and more holdingatterns, which required less performance data.
Accordingto Speandio, ontrollers mantained ther peformance level by usingthe

standardied routing, which reduced the number of variables thegded to proces&inder the

low workload condition, usindirect routes was more work for the controllers becausehiduy

to proess morevariables, but it fulfilled ther nead to mantain acertain level of activity.

As described bgperandio (1978), controllers régte their increasingiorkload (or maintain it
at an appropriate level) lsingsuccessivelynore economical strategg. As traffic increases,
controllers migpt progessivelyuse more standardid routing to allow them to process a
smaller number of varables for each acraft and hgb themtreat“each aicraft as oneihk in a
chain whose characteristics remain stable and not as an independemtdvaatyin free space
amongother independent movirigpdies” (p. 196).

Sperandio (1978) proposed that workload also influences decision-nmakitesses by
determiningwhich objectives controllers will prioritizeAlthough ATC objectives may
sometimes conflict, Sperandio giegted that thewre hierarchicallprganized. The
fundamental objective for the ATCS is to maintain saligtgbservingseparation standards,
immediately followed bythegod of mantaining a high rae of progess of arcraft through the
system. The secondargbjectives would relate to providirglC service and increasing
efficiency sud as assigning requestad dtitudes and routes to maimize fud efficiency. As thar
workload increases, ATGSften take secondaopjectives less and less into account to
concentate on he primary ones.

1.2.3.3 Contexual Factors

Controllers have to make their decisions and plan their separationistsatgitp the
collaboration of pilots, technical staff, maeagent, and other controller3.he controllers
working with them and around them, th@é&yof managment leadership, and the requests of
pilots mayinfluence how controllers make their decisions and plan their Seateg



Reddinget al. (1991) reported that maAy C errors are made when controllers are working
under the combined radar/radar associate funciitvey suggested that this situation probably
promotes overconfidence and alack of vigilance, which in turn jepadizes the qudity of

decision making Sperandio (1978) also sypted that, as the task load increases, the tasks of
the associate become increasydependent on the tasks of the radar operator and consequently
tends to overload the principal operator even more.

ATC is a service industrgnd pilot and airline requests heaviifluence controllers’ separation
strateges and decisiong-or example, theymake their requests for different routes or tcatly
aircraft optimal altitudes to allow time savs)duel economyand geater comfort for
passengrs. An important @al for ATCSs is to satisfysers’ requests as loag safetyand the
efficiencyof the airspace is not compromisesly giving airspace users more fiexity in
determiningtheir own flight routes, the implementation ofde Fight proposals (Plarz &
Jenny, 1995; RTCA 1995a, 1995b) nhigalso increase the number of pilot requeHtss
currentlyunknown how this will impact controller decision strasy

Training also has amifluence on contller decsion meking. ATCSs receve their training in
several phases. TheAir Traffic Control Aademy in OklahomaCity offers initid qudific ation
and basic traininge.g, TRACON controllers take the Acaderbgsic radar courseHowever,
the assighed facility provides most of theadvanced traning. The ATCS traning progam ha
often changd over the gars. For example, when the ATCS Nonradar Screen paogwas
operational, the emphasis was on screeoarglidate controllers instead of trainihgm (Fsher
& Kulick, 1998). In 1992, the ATC®re-TrainingScreen (H'S) replaced the previous pn@gn,
and he Acaderg implemented a tain-to-succeed curculum. However, dued techncal
considerations, PTS did not last véong and is currentlypn hold.

An important pat of thefacility training consists of on-thgob traning (OJT), whae
developmental controllers work the different positions of the faciliyer the close supervision
of an nstructor. Previously, instructors were ¢ld notto teach heir personaktrategies or
techniques (Bher &Kulick, 1998). It was believed that trainees should be allowed toldpve
thar own prderences. Theextent to whid different controllers will have learned from the
instrudors might vary. Controllas mg aso hae learned or pefected thar skills outsideof
formal training For example, Sperandio (1978) pointed outtttzdthoudn controllers migt be
exposed to the entire repertoire of operational straseduringlormal training it is throudn
personal eperience that theseallylearn how to alternate from one stratég another.

1.2.4 Theories, Models, and Approaches ofnagnic Decision Making

The development of decision supporstgyns will benefit from a better understandaighe
factors influencingontroller decision makingnd planning A long historyof decision-making
research will also ontributeto tha development. The studyof decision m&ing has generated

many theories and formd modds of decision m&ing (for reviews of theliterature, see Dohety,
1993, Edwards, 1987;ho, 1997, andilpshitz 1993), which all serve one or more of the three
following purposes (Sarma, 1994):

a.  Normaive modds am to characterize optimd or most &icient decision-m&ing
processes.



b. Prescriptive models attempt to describe how decision makers should be trained or how
decision aids should interact with them.

c. Descriptive models trjo identifythe psghologcal processes used bgcision makers.

Models of decision makinglso differ alongnanyother dimensionsFor example, theories may
aim to exylain individual versusmup decision makingMost of the initial efforts in desion-
makingresearch resulted in normative and prescriptive models, developed in the fields of
economics and staistics, quatitatively representing araiond and optima decision méer.

Many have sugested that classical decision the@ytoo rigd and static to provide an adequate
representation of decision makiimgreal-world environments (Beachl&pshitz 1996) and that
approaches emphasig the dyhamic nature of decision makimgust be adopted (Bhmer,
1992).

Edwards (1962, as cited imr&mer, 1992), in his classic description, identified the
characeristics of a dyamic decsion-making envronment

a. Itrequires a series of decisions.
b. The decisions are not independent.

c. The state of the problem chasgboth autonomoushnd as a function of the decision
maker’s actions.

Brehme later added afourth itam to thelist:
d. Thedecisions haeto bemadein real time.

Edwards (1962, as cited ird@mer, 1992) and Toda (1962, as citedriehBner, 1992) made the
first efforts to understand dgmic decision makingy applyng the subjectivelyexpected utility
theory(von Neumann &orgenstern, 1947), a classical decision thetorydynamic problems
instead of static oneslheyadopted a normative-descriptive approach in which the behaviors of
real decision makers were compared to an ideal decision malsarepancies would have
suggestal tha limitations ae imposel on deision m&ers. Thar gpproah suffeed from d least

two problems identified birapaport (1975)First, as dgamic problems become comp)etx
quickly becomes impossible to find ani@al solutions to solve thenecond, even when
decision makers adopt straiteg largly different from the ideal ones, the outcomes are often the
sane The"flat maximum problen,” asit is designaed, m&es identifying the limitations

imposed on the subjects difficult.

Cognitive Continuum TheoryHammond, 1980) is a more recent approach tauhyc decision
making It suggests that decision-makiractivities are located on a aagive continuum vamng
from highly intuitive decisions to vey andytical ones. In areview of previous research,
Hammond (1993) showed that the decision-makamglencyto relyon analgis instead of
intuition augments whe:

The nunier of cuesncreases.
Cues are reasured olgicively insiead of sulgcively.
Cues are of low redundancy

o o T @

Decomposition of the task is g
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Certaintyis high.
Cues are welgted unequallyn the environmental model.

—

g. Relations are nomhear.

h. An organizing principle is available.

i. Cues are displag sequentiallynstead of simultaneously
J.  Thetime peiod for evaluation is long

Payne, Bettman, and dhnson (1988, 1993) contributed to the development of a similar approach,
the theoryof contingent decision making This theoryadopts a @st-benefit framework in which
decision makers compare the niitye effort aginst the accuraoyf different decision

strateges. The characteristics of the task and its contietermine cougjtive effort and accuracy
Decision makers will switch stratesg to reduce the cogive effort, increase accuraayr

respond to time pressureshe theoryof contingent decision makings in ageement with
Sperandio’s (1978) description of controllersulagjngtheir increasingvorkload byadopting
strategies hatare nore econonrcal.

Naturalistic decsion meking, a recenstrain in decsion-making research, has focused ¢ t
critical aspects of opeationd setings and morenaurd and dynamic environments (for reviews
see Klein, Orasanu, Calderwood Z&ambok, 1993 andsambok &Klein, 1996). This
approah aiticizes traditiond modds of decision m&ing for thar emphasis on ldoraory
studies and for havingo direct relevance to real-world decisions (Klein, 1989).

The Recogition-Primed Decision Model (RPDM) is one representative of naturalistic decision-
makingmodels. Klein (1989) developed the RPDM after observing decisions made by
firefighters and egperts from other fields in their naturalistic environmede concluded that
experts make most of their decisions without compadiifigrent alternatives, contratg what
traditional models postulatdnstead, eperts are involved in a situation reodgpon process in
which, based on theér experience, they dassify thesitudion and immadiately conside thetypical

way to handle it. After evaluatingthe feasibilityof the option, theymplement it if theyforesee

no problens. If somehing might go wrong thedecision m&er will modify the option or simply
reject it and consider anotheptgal solution.

Experts from domans likefire fighting, paamedics, and othe time-pressur@ environments use
the RPDM to represent the decision-makangivities (Klein et al., 1993)Some studies have
also applied this model to ATCS decision makjHgtton et al., 1997; Mdgrd, Allendoerfer,
Snyder, & Hutton, 1997; Mofprd, Murphy RoskeHofstrand, Yastrop, &uttman, 1994)The
model has certainlgained some popularitgmongresearchers investigng dynamic and time
pressured domains like ATC, but it alsoeiged some criticisms (Dohertg993). One
shortcomingof the RPDM s that, bfocusingon exert decision makingt might fail to
represent the evolution of a novice becomangexyert. By representingnly the processes of
expert decision makers, the models hiitail to serve prescriptive purposes such as indicating
how decision aids should interact with lespenenced controllers.

Beach (1993) provided us with an interestiugnmaryby describingfour revolutions in the
devebpmentof behavoral decsion theory The first one occurred when becane clear hat
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decision makers rarelkamine all the alternatives to a decision, that tnes heuristics
(Tversky& Kahneman, 1974) or that thaglopt a satisficingule (i.e., settle for the first choice
that is “gpod enoul”) instead of optimizingSimon, 1955).The second one consisted of
realizingthat decision makers choose between streselg make desions, as illustrated ke
contingency theory(Payne et al., 1993) and the aotive continuum theoryHammond, 1980).
According to Beach, he hird one & preserlly occurrng because we are regugng that
decision makers rarelyjake choices and, instead, rety prelearned procedures, asgasted by
the RDM (Klein, 1989). Beach reveals that the last one is jusiieigg Decision research is
adoptinga multidisciplinaryperspective drawingot onlyon economyut also on cagtive
psychology, organizational behavior, and syems theory

1.3 Purpose and Rationale

The purpose of the present stwdgs to enhance our current knowledyg controller decision
makingand planning Such knowledg mayimprove the desigand implementation of new
decision support tooldt also investigted controllers’ opinions, preferences, and beliefs
regarding their decision-makingnd planningperational practices and assessed their
concurrence with theories such as those presented in the introdiR&duacingthe potential
mismatch between controllers’ perceived needs and future decision aids was avadther g
Finally, this studyinvesticgated if the opinions, perceived needs, and operational practices of
contollers differ betveen ndividuak accordng to sone variables such asterr age, he type of
facility in which they work, and ther level of experience in ATC.

2. Method

2.1 Participants

The researchers interviewed 103 ATCSs who participated in the@tualyoluntanpasis
(recruitment letter is presented in Appendix A). At the request of alocal union reresentdive,
two interviews were notonpleted. Another one was natonpleted becausehe paritcipanthad
to return to the operationVe therefore discarded the results of the three participdiatisle 1
presents selected demmaghics of the 100 ATCSs who completed their interview (more
extensive dema@gphics are presented in Appen@ixn Tables B to B3). Studyparticipants
included 7 fendes and 93 mées. Eight paticipants wee stdf membas mantaining thar
operational currencyThe ag" of participants rareg from 27 to 57 gars and averag 41.4
(SD=5.71). Their ATC experience varied from 4.5 to 3é@ars with a mean of 17.6[0=5.93).

The Technical Center local Institutiond Review Board (IRB) reviewed and gprovel thestudy
protocol. The RB Application Form is presented in Append

! Age gatistics exdude one missing value.
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TABLE 1. SHEECTED DEMOGRAPHICS OF STUDY PARTICANTS (N=100)

Demographics Paticipants

Gender

Femdes 7

Males 93
Facility Type

Air Traffic Control Tower (ATQD) 13

TRACON 6

Combinel ATCT/TRACON 13

ARTCC 68
Average Age (Years) 41.4 SD=5.7)
Average ATC Experience (Years) 17.6(SD=5.9)

Paticipants induded controllers from ATCT, TRACON, ombinel ATCT/TRACON, ad
ARTCC facilities. A majority of the respondents, 68 out of 100, worked in ARTCC facilities.
Paticipating controllers spat baween 8 months ad 31 yars & thdr current facility (M =13.0,
SD=6.1). These results sggst that controllers have spent most of their career at the same
facility (13 years out of 17.6 aver@dg Results show that 30% of participants have had some
experience in facility types different than the one in which they wohe proportion of
paticipants who hae workead in othe types of failities is sméer in ARTCCs (15%) thain the
three other types of facility (38%Although 30% have had some experience in other facility
types, results indicate that this type of experience was limited to an awéra® years for all
the paticipants (SD=2.9).

We visited high trafic level facilities (Table 2) from sixdifferent FAA regions. We sekcied
one ATCT, one TRACON, and one ARTCC from eachargand these facilities were closely
located gengraphically to minimizetravel costs.

2.2 Apparatus andéhterview Protocol

2.2.1 Audio Tape Recorders

With the consent of respondents, the researchers collected audio resofdimginterviews.
We viewed the tapes only as a means to backup the collected inform@&tidman, Badburn,
and SchwarZ1996) reported that there is no evidence that the use of a tape recorder in an
interview affects responses.

2 The reseach teanvisited oy one TRACON and oa ARTCC in the WesterPacific Regon.
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TABLE 2. AIR TRAFFIC CONTROLFACILITIES VISITED

FAA Region Facility
Denver ARTCC
Northwest Mountain Denver TRACON
Denver ATCT
Fort Worth/Dallas ARTCC
Southwest Fort Worth/Dallas TRACON

Fort Worth/Dallas ATCT

Washingon ARTCC
Eastern Dulles TRACON/ATCT

Rea@n Naitonal ATCT

AtlantaARTCC
Southern Atlanta TRACON

AtlantaATCT

Chicago ARTCC
GreatLakes O’Hare TRACON

O’Hare ATCT

Los Angeles ARTCC

Santa Barbara TRCON

Western Racific

2.2.2 Interview Questions Development

The questionnaire consisted of two parts: the deapdgc questions and the interview questions
(AppendixD). Demogaphic questions included

a. gender,

type of facility ,

facility level,

status as ATCSs or staff maintainiogerational currengy
number of yars of ATC egerience,

-~ 0 o0 O

numbe of years in ther current facility ,
numbe of years in different types of fecility, and

ace.

> @
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The second part of the questionnaire contained 26 open-ended qudlBoast research has
shown that respondents tend to limit their answers to-eloded questions to the choices

offered to them and will négct to volunteer an opinion not included in the response choices,
even if the researcher does not wish them to do isb@pB, Hippler, Schwar& Strack, 1988;
Presser, 1990)Accordingto Krosnick (1999), open-ended questions should be considered a
viable tool of research, and macnjticisms regrding their usag have proved to be unfounded.
For example, Geer (1988) has shown that open-ended questions work well even with people who
are not venarticulate. Contraryto a common belief, respondents do not tend to answer open-
ended questions with the most salient possible response instead of the most appropriate one
(Schuman, bdwig, & Krosnick, 1986).Finally, Krosnick also mentioned that some older
studies had shown thesupeior reliability and vdidity of open-ended questions ove closeendad
ones (Hurd, 1932; Remmers, Marschabwn, & Chapman, 1923)Therefore, we selected the
open-ended format for the questions so that the ATCSs’ responses would not be restricted.

We first determined the issues addressed in the interview and the construction of the questions
after a review of the relevant literature on decision ma&imgyplanning A first set included
guestions adapted from Gromelski et al. (1992) and some questions develtipeddsgarchers
and a subject matter part (SME). Five SMEs reviewed the questions and offered their advice
regarding their relevance, understandabilignd interest.The researchers selected a subset of
guestions based on the advice of the SMEs and submitted them to a Méetesinducted the
pretest of the questionnaire with five non-ta@mgg unit ATC staff from the Atlantic City
Internaiond Airport Termind and from thePhiladdphia Internaiond Airport Termind. We

used conventional methods of questionnaire prete@Bisghoping 1989; Nelson, 1985) to
identify questions that respondents had difficuibderstandingr that theyinterpreted

differently than we intendedWhile one researcher conducted the interview, the other sat in the
sane roomand observedWe alternated rokes afer each mterview. After interviewing a otal of

five respondents, we discussed thepenence in a debriefingession in which thegentified
problematic questions (requiriigrther eylanation, with confusingvording difficult to read,

which respondents refuse to answer, etc.) and made the ne@afaatyents.

The resultingsemi-structured interview included sets of open-ended questions about SA, ATC
expertise, decision makingnd planningn specific contets, interactingvith pilots and other
controllers, and decision aidSA questions requested that respondents describe their scanning
techniques, how thegstablish their mental picture, and how much #reyaware of the
surroundingsectors or controllersParticipants revealed what memaeghniques theyse to
maintain the picture and renembe actions tha they want to execute later.

Another set of questions amined participants’ opinions ragling ATC expertise. Participants
desaibed how the improvethar skills dter becoming ATCSs, how thie decision m&ing and
plannng changd with experience, and whatharacegristics experienced and gertATCSs
possess.

Many questions addressed the different stigggontrollers use in specific contgx
Participants described how much planningydo before assumingpntrol of their position, if it
is soméimes bdter to wat when they are not surdf there is aconflict, if the first straegy they
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think of is sufficientlygood when theydentify a conflict, if theyconsider alternative straieg
even in hign workload situations, if theyse backup plans, wheheyuse a buffer, and when
theyask for help.

Other questions addressed the stiagegontrollers use when confronted with potentially
difficult situations. Participants eplained how theyr other controllers deal with boredom, tig
workload, fatigie, and aigg. Theyalso identified which situations make decision malking
planningthe most difficult.

Controllers continuallynteract with other controllers and aircraft piloBarticipants had to
describe how controllers workingith or around them influence their planniagd separation
strateges. Other questions invesated how theylecide whether to honor pilot requests and
what influence direct routes have on their decision madaeyplanning

Finally, we asked the participants about the decision and plasapyprt tools that theyse and
which tools are available to thermterviewers also asked participatiogntrollers to describe
which and how decision makirand planningids could benefit them.

2.3 Procedure

2.3.1 Interviewers

A subject matter gpert and a human factors researcher separtelyucted half of the
interviews each. A Technical Center Psychologst hal instruded theinterviewers in inteview
techniques.

2.3.2 Interviews

We conducted semi-structured interviews to inveggghe decision-makingrocesses and
separation stratégs used bgontrollers in their operational settgxgSeashore (1987) sggsted
that interviews are “higly efficient in acceptinginanticipated responses, claify ambigious
meaning, and adaptinghe interview somewhat to the particular case” (p. 3I9k interviews
focused on controller decision makiagd planningbut theyalso examined processes such as
SA and memorywhich Wickens et al. (1997) depicted as critical components in their model.

Researchersravelkd b the paricipans workplaces and spempproxmately one dayateach
facility. The duration of each interview was appmately45 minutes.Interviewers conducted
theinterviews in aprivate seting to hdp ensureconfidentiality and minimizeorganizaiond
disturbance.Before conductingach interview, the interviewer

a. thanked the controllers for their cooperation;
b. described theagls of the study

c. emphasized that confidentialig;yd anongity would be ensured, that the names of the
respondents would not be written on the questionnaire, and that nodaukg
information would allow the respondents to be identified;
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d. mentioned that the researcher would take notes but that the participants could consult the
notes any time they might wish to do so;

e. asked pemission to usen audio tgerecorde to dlow us to @mplee the handwritten
notes if necessaignd mentioned that participants usuétlisget about the audio tape
recorde after theinterview stats; and

f. asked if the participants had amyestions.

To ensure confidentialitgnd anonmnity, we did not identifyparticipants with their name on the
guestionnaire, and the protocol interview did not contain questions that could conckeesably
usa to identify the paticipants. We secured compldaed forms ad audiotgpes a al time. After
receivingthe precedingnstructions, each respondent received a cbplge studyconsent form
(presented in Appendik). Everyparticipant read the form, acknowledunderstandinigs
content, and indicated willingness to paicipate in thestudyby signing theform. After signing
the form, the researcher kept thengid copyand offered a coptp the respondent.

We first completed the controller badkgind information sectionEach interview bean with

the first queston in the interview protocol. We then proceeded sequihy through the st of
guestions.When answering question, controllers méyave addressed issues covered in other
parts of the questionnairén this situation, we let the participieelaborate and recorded the
additional comments under the respective section on the responseV8heatwe asked a
guestion for which a partial answer had alrelbelgn gven, we reminded the controller of the
initial comments and asked for more elalvora

In order to clarifjthe meaningf the answers and t@tper more comprehensive data, we invited
participants to comment or elaborate on their answé&tswere also instructed to feel free to
clarify the meaningof questions and response choices if participarngsessed uncertaintyr

asked for hdp. Many researche's hare suggested tha rigid inteviewing, aprevailing prinaple

in surve research, whid instruds inteviewers to aoid intefering in this manea, might
compromise data qualifBriggs, 1986; Mishler, 1986; SuchmanX&rdan, 1990).Schober and
Conrad (1997) even demonstrated that conversational interviesind enhance the validitf
reports. Gromelski et al. (1992) sggsted that the major advan&sgof conductingn in-depth
(conversational) interview are “that the interviewer can

ask for exanples o clarify a pont;
b. explore the meanirgpof various phrases that respondent use;

C. probe, that is, ask a question in a varigtyays, to ensure that he or she understands the
point that the respondent is making

d. observe bodyanguace of the respondent; and

e. pursue new topics that the respondent nsg;, therebyddingto the comprehensiveness
of the data gthered” (p. 7).

The last question asked the participant if there wathengthat should have been asked about
strategc planningbut was overlookedAfter the last question, we thanked the participaatrag
for his or her cooperation, reemphasized that confidentiabityld be preserved, and asked if
there were anguestions.
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2.4 Data Analgis

2.4.1 Data Entryand Coding

Three data entrglerks performed the data entwhich consisted of transcribiradl of the
handwritten answe's onto spradshet files. Researchers assighed alist of numeical codes to
each questionA different code represented evelifferent answer to a questiokivhen an
answer mcluded nore han one sttement(e.g, “I use adrger buffer whenhere s weaher or
high workload”), da& enty clerks asgined everysatementa diferentnumerical code and
anothe coderepresented themultiple-staement answe. They dso reseved codes like “99” for
missingdata and “88” for “don’t know” responses.

2.4.2 Content Analgis

A human facors researcher perfoed e conéntanalyses byanal/zing everyqueston
independently This task consisted mainbf regoupinganswers or statements into meafihg
categries. Then, we assessed the direction.(gasingSA versus hindering) or the
frequendes they implied (eg., never, soméimes, or aways). Someanswe's did not led
themselves to inclusion in a lanmgcategry but did provide unique, interestimgsights. We
included these low-frequendgms in epanded tables in Append We regouped questions
accordingto the themes to which thegferred (e.g SA, workload). A second human factors
researcher and a SME alsae&xned the resultingroupings. Both concurred with the content
analsis perforned bythe first human facors researcher.

2.4.3 Statistical Analges

The sttistical anal/ses consted aimostenirely of descrptive anayses eadngto the
presentation of raw frequeneaynd contingncy tables. Frequencytables in the Results section
indicate how manyarticipants reported each itemotal frequencies will not necessardgd up
to 100 (the number of participants in the present $thelgause the same participant could report
more than one item when answeraguestion or magot have commented at all on the items
included in a particular tablézrequencytables present the items that participants thbag
when answeringpen-ended questions in the semi-structured interview forfegrefore,
participants’ reports are notlexustive, and thego not necessariipdicate how frequentlthe
different items were used or their importandéwus, onlyraw frequencies were presented.
Neither percentag nor proportions were appropriate and neither was compuitezlopen-
ended question format allowed us to idenissues within catexyies for future researchithe
guestions were not desigd, in most cases, for inferential statistical asgsypetweenrgups.

Inferential analges were performed as appropriate with nonparametric statistical tests: chi-
square, Mann-\Witney U, and the dnckheere-Terpstra test for ordered alternatives (Rossini,
1997).

3. Results

Researchers present thepaticipants’ answes in thefollowing sections: SA, menory and flight
progess strips, eertise, decision makingnd planningpilots and controllers’ requests,
decision-m&ing and plaaningdifficulties, aad ads to deision m&ing and plaaning
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3.1 Situation Awareness

Controller decision makinglanning and strate@s depend higy on SA (Endsleyg
Smolensky 1998). When theyassume control of their position, ATCSs must maintain a
continuouslychangng mental picture of the airspacRespondents described how tlesyablish
their mental picture prior to assumiagntrol of the position (question 1answers to question
la indicated that controllers form their mental picture from nehififgrent types of information,
which theygather from different sourceslable 3 shows that the two sources of information
reported the most often were the radar display the flignt progess strips.

TABLE 3. SOURCESOF INFORMATION USED BEFORE ASUMING CONTROLOF
PCOSITION

Soure of Informaion  Numbe of Paticipants

Radar display 50
Flight progess strips 26
Status board 17
Data blocks 10
Observe relieved controller 6

Participants reported usir®y different tpes of information when forminigpeir mental picture.
Table 4 shows that the answers reported most often were that controllers form their mental
picture bylooking for conflicts and checkinthe status of the weather.

TABLE 4. TYPES OF NFORMATION GATHERED BEFORE ASUMING CONTROLOF
PCOSITION

Type of hformation Number of Participants

Conflicts 19
Weather 16
Flow of traffic 8
Equipment status 7

Note. Expande list of ansversis presented in Table B4, Appendix B.

Thirty-five paticipants dso speified when they usudly stat formingthdar mentd picture

Table 5 reveals that 34 of these controllers reported staotiimgm their mental picture before
or duringthe relief briefing Only one controller declared establishimgnental picture after the
briefing, by “tuning out” what the relieved controller said.
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TABLE 5. MOMENT WHEN MENTAL PICTURESARE FIRST FORMED

Moment Numbe of Paticipants
Before the briefing 7
During the briefing 27
After thebriefing 1

Sanningskills ae critical for SA. Question 3 investigated if and when controllers modifythe
way theyscan their radar displayfable 6 presents some of the comments madieeoy
participants regrding their scanningechniques.t indicates that 38 respondents declared that
their scanninghang@s depended on the contend that 30 reported that thalyvays try to scan
the saneway, usingthe sane patern consistatly. Twenty-two paticipants metionel tha the
way theyscan is specific to the sector in which teyk. For example, one controller reported
usinga V-like scan when workingpproach control, instead of scanning circular, around-
the-clock fashion.Accordingto 22 participants, their scannimgs not alwayuniform because
theytend to paymore attention to hot spots or, in other wordsiaregjwhere conflicts occur
frequentlyor where thegeem likelyto happen.Other participants added that controllers are
sometimes vulnerable to tunnel vision, when all their attention becomes focused on a subpart of
their secor and heybecone unaware oftie acivity in the restof the arspace.

TABLE 6. COMMENTSREGARDING SCANNING TECHNIQUE

Commaent Numbe of Paticipants
Scannng techngue changs accordng to conext 38
Always try to use the same scanniteghnique 30
More timeis sp@t s@nningthehot spots 22
Scanningechnique depends on sector 22

Twelve paticipants identified someof thefactors tha result in ontrollers changing theway they
scan the radar displaysuch factors included traffic patterns, bad ogfogreather, automation,
runwayconfiguration, traffic compleity, and volume.

Somepaticipants indi@ted tha thetype of informaion they sesk is dways the sanewhen they
scan. More precisely17 controllers reported alwsaysingthe same fye of information,
whereas 7ridicaied hatthe ype of nformation they soudnt varied accordig to the conext.

Question 14 asked tower controllers how much dreyaware of what isoghg on at the other
postions and radar comtlers how nuch heyare aware of whas going on in adpcentsecbrs.
Thirteen controllers reported tha they monitor theactivity in othe sectors bylistening to the
other controllers in the roonRarticipants indicated that their awareness of other sectors
depended on a few different factofor instance, 24 controllers reported that their workload
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determined how much theyere aware of what was happeningther sectorsThe busier they
are, the more thefpcus on their own sector and, therefore, become less aware of what happens
in other sectors.

According to sone paricipans, experience ao nfluencedherr level of awarenessThey
suggested that, with gxerience, controllers became more aware of other sectors or positions.
Experience increased awarenessrakingcontrollers more aware of traffic flows (e.gnow
when rush is oming), morefamiliar with thesectors the work in, and familiar with agreater
number of sectors and positions.

How much controllers are aware of what @ng on in other sectors depends on thetpf
sector and which sector theyere working Some controllers commented on the influence of
secbr charaatristics on awarenesslable 7 presestsone of these comments, indicaing that
controllers have argater awareness of sectors in their own area and whearthsittingnex to
each oter.

TABLE 7. COMMENTS REGARDNG AWARENESS OF OTHER &CTORS

Commaent

Aware of sectors that impacbyr flow of traffic

Greaer awareness of feet)j secors

Greaer awareness of secs n own area

Very aware, especiallywhen sittingoeside adjacent sector

ARTCC controllers do not see the other sectors on the radar scope as
much as TRACON controllers

Depends on configation of airspace

Greater awareness of arrival sectors tHiaetl (need to know if the
“door will slam”)

Greater need to know when higltitude and low altitude sectors in
ARTCC feed each tier

In TRACON, less with setors wél below

Local controller knows what the other local controller does amaingl
controller knows what the otherayind controller does

More aware when familiar with sector
Must keep up with séellite and departure sectors
TRACON departure sector is aware of arrival sectors
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3.2 Memoryand Hight Progess Strips

Wickens et al.’s (1997) cogtive model implies that memory the foundation on which SA,
decision makingand planningtand. Question 4 asked controllers to identifye personal
techniques that thayse to help them maintain the picture and remember plans thataheyo
execute later.Respondents offered a largumber of techniquedhe most popular answers are
presented in Table 8These results reveal that memagghniques involvinghe use of fligt
progess strips are, khar, the ones that were mentioned the most oftéineteen respondents
declared havingo need for such techniques.

TABLE 8. PERSONAL MEMORY TECHNIQUESUSED BY CONTROLLERS

Personal Technique Number of Participants
Flight progess strips 59
JRIiNng[ARTCC only 22
Data block managment TRACON and ARTCC only 20
No need/none 19
Writing on notead 13
Avoid havingto remember 12

Help from others (“D-side”/radar associate or pilots)
Fix things immediately this wey | will not forget (Think of it, you do it) 7

Note. Expande list of ansvers s presented in Table B5, Appendix B

Table 9 presents controller memadeghniques involvinghe use of fliit progess strips.The
two most often reported techniques were to offset the strips in the hblragd to mark the
strips.
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TABLE 9. MEMORY TECHNIQUESINVOLVING THE USE OF FUGHT PROGRES

STRIPS
Technique Number of Participants
Offsetting strips 28
Strip marking 25
Pulling out or holdingstrip 5
Sequencingtrips/Positioningtrip 3
Consultingreviewing strips 2
Use the strip to indicate closed runway 2
Planning 2
Pointingto or touchingstrips to reinforce memory 2

In question 2, participants reported usiinght strips for different reason§Ve can see in Table

10, which lists the 6 most popular reasons, that 55 participants reportethesmtpr quick
reference, 42 as a memaig, 33 as a backup, 23 to maintain the picture, 17 to detect conflicts,
and, finally 9 to plan.

TABLE 10. REASONS TO USE HGHT PROGRESS STRIS

Reason Numbe of Paticipants
Quick reference 55
Memoryaid 42
Backup 33
Maintain picture 23
Detect potential conflicts 17
Planning 9

3.3 Expertise

Some of the questions in the present sindgstigated participants’ opinions ragling how
ATCSs deelop thar expetise and whd constitutes ATC pertise Question 6 aked how
controllers kegp improvingther planningand seaation skills dter formd training, or more
speificaly, ater thar OJI was compldaed and they become ATCSs. Table 11 summazes the
answers to question &s manyas 49 of the respondents mentioned that controllers keep
improvingthdr skills just bygoing to work on adaly basis and peforming thar norma duties.
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TABLE 11. METHODS USED BY CONTROLLERS TO KEEPMPROVING AFTER
FORMAL TRAINING

Method Number of Participants
Throudh experience (daly prectice and repdtition) 49
Watchingother controllers 20
Learningfrom difficult situations 18
Desireto improveand professioné attitude 16
Trying new and different techniques 15

Note. Expande list of ansversis presented in Table B6, Appendix B

Accordingto 20 inteviewees, controllers improvethdr skills by obseving othe controllers
performingtheir duties. Theyalso mentioned shadowimgntrollers in othedepartments
(quality assurance, airspace and procedures, and Traffic iaeag Unit TMU]) as a
beneficial activity Six respondents also reported that receivtiger controllers’ input helped
them improve.

Eighteen respondents reported that controllers improve wherttoeynter difficult situations
and learn their wagut or how to avoid such situationSixteen participants specified that
controllers improveonly if they have thedesireto learn and mantain a professionad attitude at
work.

Besides desaibing how ontrollers an kegp improvingthdr searation and plaaningskills, a
few participants also mentioned factors makingtinuous learningiore difficult. They
mentioned that the environment is not conducive to improvement, that refireshi@egand
computer-basednstuction are usalss, hatthere are no wre smulation pracices of erergency
situations, and that conflict alert prevents learning

We asked participants to describe how their approach to plaanthgeparatingircraft changd
with experience (question 5)Table 12 depicts the most common answéfere specifically
controllers reported most often that, with morpenence, their SA, comfort and confidence,
and planninghave improved.

In question 22, we asked participants to describe what special skills, attributes, or techniques
allow some controllers to handle largolumes of traffic with easeControllers provided a long
and diveselist of skills, atributes, and techniques. Only two paticipants delared thd these
controllers have no common traits.
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TABLE 12. IMPROVEMENTS RESULING FROM GREATER EXPERENCE

Improvement Number of Participants
Greaer A 32
More comfortable and confident 27
Better planning 23
Increased familiarity with sectors and @ntrollers 14
Better knowledg of aircraft tpe performance 12
Act earlier 10
Developed automdisms 8

Less conservative
More conservative

Note. Expande list of ansvers s presented in Table B7, Appendix B

Paticipants ddined controllers who @sily handle large volumes of traffic with 32 pesondity
traits. Table 13 presestthe hree taits mentioned he nostoften. According to the nost
commonlysugyested traits, “jet jocks,” as one participant desigd them, would be self-
confident, calm, and intdligent.

TABLE 13. PERSONALUTY TRAITS OF CONTROLERS HANDLING LARGE VOLUMES
OF TRAFFC WITH EASE

Pasondity trait Numbe of Paticipants
Self confident 18
Cdm 17
Intdligent (common sase logical, &c.) 13

Note. Expande list of ansvers is presented in Table B8, Appendix B

Respondents have also identified adangmbe of skills and attributes that thélyink allow
some controllers to easihandle larg volumes of traffic.Table 14 indicates that the most
frequentlymentioned attributes are a superior SA, the captxityink and act rapidjygood
planning and prioritizaion skills, and experience.
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TABLE 14. SKILLS AND TECHNIQUES OF CONTROLERS WHO EASLY HANDLE

LARGE VOLUMES OF TRAFFC
Skill Numbe of Paticipants
Superior SA 34
Think, decide, and act quickly 21
Good at planningnd prioritizing 15
Good communicators 12
Experienced 10

Note. Expandel list of ansvers is presented in Table B9, Appendix B

Question 17 asked respondents to define what “bet owtitledme” means to them and if they
thoudht that eperienced controllers and novices “bet on thé&Jtome” as often.The question
allowed interviewers to ensure that respondents defined bettitite come as somethinlpse

to not ensuringositive separationTable 15 indicates that 15 respondents @aitipat
experienced controllers “bet on theutjcome” more often than novices, that 20 thotutpat
novices do it more often thanmerienced controllers, and finallhat 31 answered that the two
groups do it to the sametexit. The same table also shows that participants who chose the
experienced controllers had 14.days of eperience on averag Participants who said that there
was no difference were morepatienced than the previousogp, with 17.9 gars, but theywere
less eperienced than those who chose the novices, who hade#rd of eperience.These
results sugest tha the moreexperienced thepaticipants, themorelikely they were to bdieve
that novices “bet on th@{itjcome” more often than @erienced controllersConverselyit
suggests thatheless experienced controllers wee, themorelikely they were to report tha
experienced controllers “bet on theutlcome” more often.A JonckheereTerpstra test for
ordered alternatives (Rossini, 1997) verified this trendHowingthat the averags for these
three goups occurred in that specific order £8,p=.004)°

TABLE 15. EXPERENCE OFPARTICIPANTS ACCORDNG TO THER OPNION ON
WHICH GROUPOF CONTROILERS“BET ON THE [OUT]COME” THE MOST OFTEN

Experience (gars)

Group N Mean SD
Experienced 15 14.4 5.3
Novices 20 20.1 5.9
Same (No difference) 31 17.9 5.8

% The p-value for theKendal statigtic is equivalent to thetwo-tailed p-value for the bnckheee gatistic.
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3.4 Decision Makingand Planning

When asked how much plannitigeyhave alreadglone once the briefing over and they
assume their position (question 1b), maggpondents sggsted that the number of planned
actions or “moves” depended on a varietyactors. For instance, some controllers indicated
that more planningvas required when one of the conditions listed in Table 16 was in effect.

TABLE 16. CONDITIONS REQURING MORE PIANNING WHEN ASSUMNG
POSITION

Condition

Sector is busyhigh volume)
Pendingconflicts or urgncy

IFR day

Comple traffic or setor

Fast sector

Do not respect the relieved controller much
Briefing is not easy

Do not know the relieved controller
Sequencingectors

Position other than local controller

Many controllers have reported that, once taegume control of the position after the relief
briefing, theyalreadyknow what their first few clearances or “moves” will lFégure 3 presents
the number of planned actions reportedh®s/58 respondents who provided such estimates.
Controllers sugested that thehave alreadydentified an averagof 3.5 actions when they
assume control of a position.

16
14
12
10

Number of
participants
(o]

oON O
[T R N

0 1 2 3 4 5 6 7 8 9 10

Number of moves

Figure3. Numbe of actions plaanel by controllers bdore they assumecontrol of position.
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Interviewers also investded what strategs controllers adopt when thake not sure if there

will be a conflict (question 20)More specifically participants had to indicate if th&éyoudt

that it was sometimes better to wait and see how the situation developed othbtngy that it
was dways beter to inteveneimmediately and resolvetheissue Weseein Table 17 tha 62
participants answered that it is sometimes preferable to wait and see, whereasi34lthbug
was dways better to act immediately. Thesametable dso indi@tes tha only 8 tamind*
controllers out of 30 thouny that it was sometimes better to wait and see, whereas a mafority
ARTCC controllers, 54 out of 66, believed the saiNet surprisingy, a chi-square test
confirmed tha ARTCC ontrollers wae morelikely than teemind controllers to wat and se

how the situation developed when thegre not sure if there was a confligf£27.43,p<.001).

TABLE 17. STRATEGES USED WHEN CONR.ICT ISUNCERTAIN BY TYPE OF
FACILITY

Strategy

Typeof Facility Somdimes Wat And See Always Act Immediately Totd

Terminal 8 (.27) 22 (.73) 30
ARTCC 54 (.81) 12 (.19) 66
Total 62 34 96

Note. Rdative frequencies in paentheses.

Table 18 reveals thd controllers who béeved thd it is soméimes bdter to wat and se had, on
avera@, 16.7 pars of eperience.Those who professed that it is aledetter to act
immediatelyhad 19.4 gars of eperience.A Mann-Whitneytest revealed that this difference is
statisticallysignificant (U=704p=.007) and sugests that, with eperience, controllers become
morelikely to report thd it is dways beter to act immeliately in sud asitudion.

TABLE 18. ATC EXPERENCE AND STRATEGY USED WEN CONFUCT IS
UNCERTAIN

Experience (gars)

Strategy N Mean SD

Sometimes wait and see62 16.7 6.5
Always act immediately 34 19.4 4.2

4 Given that nost paticipants vere from ARTCCs, therespadents fom ATCTs, TRACONSs and canbined ATCT/TRACONS were regrouped
unde thelabd “Terminal’ in al statigtical tests examining theeffect o thetype of facility in which cantrollers work.
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In question 18, researchers asked participants how often, when idgrdifyotential conflict, do
theyuse the first stratgghat theythink of and do not need to consider other alternativedle
19 indicates tha 16 temind controllers professal usingthefirst straegy 85% of thetimein sudh
situations, whereas 35 ARTCC controllers reported demgnly60.2% (the other 49
paticipants did not provide quantitative estimate). A Mann-Whitney test showe thd this
difference is statisticallgignificant (U=149,p=.007).

TABLE 19. USE OFFIRST STRATEGY N CONHRLICT SITUATION BY TYPE OF

FACILITY
Use First $ateqy (%)
Type of Facility N Mean SD
Terminal 16 85.0 23.6
ARTCC 35 60.2 37.3

A Spearman rank corrdation test showe thd there is asmadl but significant relationship
between ATC eperience and the frequenayth which controllers use the first straye@:=.20,
p=.04). These results sggst that, with eperience, controllers would be more likédyreport
usingthefirst straegy tha comes to thér mind.

Question 21 eplored the use of two different strateg in a higp workload situation.Table 20
reveals that 43 participants reported that, in & kigrkload situation, theysed the first
satisfactorystrateg that theythoudht of, whereas 36 made sure to consider a few alternatives
before doinganything. Responses from the other 21 participants could not beoteded) into
either one of the two previous response aaieg. Table 20 also indicates what strateg
controllers consider when under higrorkload in function of the pe of facilityin which they
work. More specifically 21 out of 28 terminal controllers reported adoptimgfirst satisfactory
action that theyhink of in a hign workload situation.Only 22 out of 51 ARTCC controllers
reported thesane A chi-squae andysis revealed tha thetype of facility has asignificant efect
on the stratdgs considered under higvorkload §?=7.40,p=.01). In other words, it seems that
ARTCC mntrollers ae morelikely then teemind controllers to rgoort tha they conside different
aterndives when thar workload is high.

TABLE 20. STRATEGES CONSDERED UNDER HGH WORKLOAD

Strategies nsdered

Type of Facility First Saisfactory One Alternatives Totd
Terminal 21 7 28
ARTCC 22 29 51

Total 43 36 79
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We performed an angksis to deermine if ATC experience had an effecn he stategies usedn
a high workload situation.The 43 participants who reported that tlusgd thdirst satisfactory
stratey had 18.2 gars §D=5.4) of exyerience, whereas the 36 who said that thaie sure to
consider a few alternatives had 18daxs §D=6.6). A Mann-WhitneyU test showed that there
was no sigificant difference between these twogps (U=676p=.55).

We asked controllers if theyormallyhad a backup plan in case their initial strateigl not

work, and weinvited them to specifynder what conditions thdgrmulate such plans (question
19). We also clarified that what we meant thavinga backup plan” was to have a planned
(thoudht-out) backup stratgdoefore sendinghe initial clearanceHavinga backup plan did not
refer to just knowindhat there was somethimgse that could be done if the initial strateiid

not work. Table 21 shows that 65 of the 100 respondents reported thattveeg try to
formulate a backup plarmAnother goup of five controllers answered that tremetimes tryo
formulate one.Sixteen revealed that thelp not formulate backup plans.

TABLE 21. USE OFBACKUP STRATEGES BY CONTROLLERS

Backup strateg Number of Participants
Always try to formulate a backup plan 65
Sometimes tryo formulate a backup plan 5
Do not formulate a backup plan 16

A test examined if ATC eyperience had angffect on the formulation of backup strateg

Table 22 presestthe averag nunber of years of eperience andts SD for the controllers who
formulate backup stratezs and those who do northis table shows that controllers who
formulate backup strategs have in averag3.6 yars of eperience more than controllers who
never formulate backup plané Mann-Whitneytest showed that this difference is statistically
significant (U=349,p=.02).

TABLE 22. ATC EXPERENCE ACCORDNG TO USAGE OBACKUP STRATEGES

Experience (gars)

Formulate Backup Strateg N Mean SD
Always/Sometimes 70 18.4 5.7
Never 16 14.8 5.2

Some participants described conditions in which foeyulated a backup plafable 23
presents these conditions.
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TABLE 23. CONDITIONS N WHICH CONTROLLERS FORMUIATE BACKUP PLANS

Condition

When you have enougtime (not too bugy

Need back up plan when not routine (unusual situation)
When thesitudion is dose

During bad weather

Experienced controllers do it more

When energencies occur

When bdting on thecome (nead away out)

When radar associate (D-side) and radar position (R-side) work on same sector
When busy

When thesitudion is vey complicated

When you expect restrictions (or closures)

When trainingyou would formulate a back up plan

Pilots from othe countries

Questionable controller abilities

Always, certainly duringlFR

In question 16, participants told interviewers in which cdrtexybuild a buffer begnd

minimal separationTwo controllers reported never or rarelginga buffer, but 30 others
claimed that theysed a buffer most of the tim@&able 24 shows in which conditions controllers
reported using larger buffer than usualThe two most often reported conditions were in bad
weather and in a busector.

TABLE 24. CONDITIONS N WHICH CONTROLLERS USE A IARGER BJFFER

Conditions Numbe of Paticipants
Bad weather 35
Busysector 30
Weaker conbllers 9
Othe facilitie s request 7
Equipment failure 6

Note. Expandel list of ansversis presented in Table B10, Appendix B
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In question 10, interviewers asked the participants wherté¢helyto ask for help or when
controllers should ask for helfiRespondents identified different factors leadingtrollers to

ask for help.As shown in Table 25, 19 respondents indicated that controllers ask for help when
the number of fligt strips is larg or when thegannot keep up with thenT.he number of fligt
progess strips is an indication of how maaiycraft are under tivecontrol and of how mangre
arriving in their sector.Controllers also often reported that thmight ask for help when there is
bad weather, higvolume of traffic, communication problems, ortigorkload.

TABLE 25. FACTORS I[EADING CONTROLLERS TO ASK OR HELP

Factor Numbe of Paticipants
Large number of fligpt strips 19
Bad weather 10
High volume of traffic 10
Communication problems 9
High workload 9
Comple traffic 6
Personal factors 6
Unusual situations 6
Excessive coordination 5
Emergncy 4
Military opeations 3

Many controllers have dso reveded tha pesondity plays an important rolewhen it comes to
askingfor help. For example, 15 participants reported that controllers prefer not to ask for help
because doingo is a sig of weaknessConverselyfour participants indicated that controllers
should not have a problem with askiiog help and not interpret it as a adge thing

Other controllers mentioned that knowiwwhen to ask for help is a precious skificcordingto

16 participants, controllers must learn to ask for help before it is tooHateexample, a radar
controller (R-side) should ask for help before beconirmgbusyto brief a radar associate (D-

side) comingo help. One participant suggsted that, in such a situation, a controller should

request the help of a tracker (radar coordinator position) instead of a D-side and, therefore, avoid
havingto brief anpne. One participant complained that controllers ask for help too,darty

three othes mmplaned tha they were soméimes chastised for doingso.

Some controllers have offered their opinionarding the role of Operational Supervisors (OSs)
in this matter.For example, five participants reported that tltkg not need to ask for help
because supervisors usuallyered it themselvesSimilarly, four other controllers stated that
theyshould not have to ask for help becauss €t#uld be offering. Two participants added
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that supervisors should playlarger role in this tpe of situation.Another respondent
complained that supervisors did not honor requests for help and another that supervisors offered
too much help.

Accordingto five participants, radar stations were desijto be operated lay least two
controllers and should alwape staffed accordithg Understaffingwvas also considered a
problem bythree controllers who indicated that sometimes nolbaatyavailable to provide
some help.

3.5 Pilots’ and Controllers’ Requests

ATCSs colaborae and mteractwith many other acors when ey acconplish their tasks. They
must coordinate their efforts with pilots and other controll&ssults sugest that many
controllers mint consider whom the other controllers were wheg themed their mental

picture. When asked how much do thaglapt their decisions and planniegthe requests,
personality and skills of the controllers workingith and around them (question 13), many
stated that theglid so accordingo the characteristics listed in Table 28ore specifically 43
controllers reported that thepnsider the skill level, 16, the preferences, and 5, the personality
of the controllers workingvith and around them.

TABLE 26. CHARACTERISTICS OF OTHER CONTROLERS CAUSNG PARTICIPANTS
TO ADAPT THEIR DECISION MAKING AND PLANNING

Chaacteristic  Numbe of Paticipants

Skill level 43
Preferences 16
Pesondity 5

Question 15 asked participants to describe under what conditionsahesed pilots’ requests
and how theynfluenced their decisions and strateglanning Sixty-six claimed to honor
pilots’ requests as often as possible, but &ndleclared rarelgoingso. Table 27 presents the
conditions in which controllers did not honor pilots’ requests.

TABLE 27. SITUATIONS WHEN CONTROLLERS DO NOT HONOR RIOTS' REQUESTS

Situdion Numbe of Paticipants
When it impacts negively on other controllers or sectors 29
When t increases worklad bo nuch 29
When it impacts neagively on other aircraft oreperal traffic 22

If in contradiction with rules or restrictions
In bad weather (performance not as much a prjority
When workingon an emergncy with another aircraft
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Some participants described the stregsgheyused when thegould not honor a pilot request.

A controller would somémes forwad therequest to thenext controller or ek the pilot to méke

the request ain in the neksector. Some participants believed that trehould apologe or

explain to pilots whytheycannot satisfgheir requestAnother possibilitywas to offer

alternatives to pilotsWhen a request could not be honorethtriway some controllers will ask
the pilot to remind them of the request lat®ne participant reported that, when vbuosy he

would sometimes not wait for a pilot to make a request and, instead, offer a direct route to the
aircraft to help lower his workload.

Question 12 investaged how direct fligts influenced controller decision makiagd planning
Results revealed that 25 participants (23 terminal and 2 ARTCC controllers) who work in
environments where direct fiis were a veryare occurrence ju@gl this question was not
relevant. Thirty-seven controllers (31 ARTCC and 6 terminal controllers) reported that direct
flights had no influence on their decisions and plans, but aesgribed how direct fligs

helped or hampered their effort§able 28 presents some of the benefits mentiongkdeby
participants who reported that direct Atg are helpful to them.

TABLE 28. BENEHTS OFDIRECT RIGHTS

Bendfit

Expedte aircraft through my airspace

It is providinga service

Allows to avoid situations or conflicts
Help to sepaate

Reduce workbad

Solve problems or situations

Climb arcraft to requested dtitudes

Makes memoreaware of potential conflicts
Takes aircraft out of main flow

Much eas@r to contol

Help not havingall aircraft ging to the same fix
Alleviates boredom

Another goup of controllers described some of the disadvastad direct flidnts (presented in
Table 29). Somepaticipants @mplaned tha it is moredifficult to deaerminethetrgectory of
direct flights and that thegdso chaned the crossingoints where conflicts usualbccur. For
these controllers, direct flgs increased workload, plannjrend made it more difficult to detect
potential conflicts.Some respondents also indicated that diredttlitnave disadvantag
mostlyin arival sectors or temind areas.
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TABLE 29. DISADVANTAGES OF DRECT FUGHTS

Disadvantag

Increase dfi culty

Diffi cult to proectwhere aiplanes are ging

Makes plannindharder or requires more planning

More problematic for arrival sectors or terminals

Increase worldad

Chang the crossingoints where conflicts usualbccur
More difficult to ddect conflicts with thestrips

Increase copiexity

Interfere with sector boundaries (boundaggrs cause massive point outs)
Require more coordination

More difficult to visudize

Easier to keep aircraft on routes in nonradar environment
Generate continuous chang

Often a burden becauseet nex guy wont be abé to take it
Often impacts nebcontroller

Require moreattention

Some participants reported in which conditions twewld honor a direct fligt request (see
Table 30).In general, controllers honored such requests when their workload was nothoo hig
and based on how much impact the request would have on other controllers and aircratft.

3.6 Decision-Makingand Plannind®ifficulties

In question 11, participants described how tthegl with boredomrad how boredom influences
their separation strategs and planningSix controllers mentioned that boredom was something
that theywelcome. For these controllers, boredom represented an opportonigfaxand catch
their breath.Similarly, 14 controllers reported rardbheingbored because of the higevel of
activity in thar facility .

Some participants reported which stragsgheyused to avoid some of the tge effects
boredom mayave. Others described how théyed to remain busto avoid becomindpored.
Table 31 shows that the strategjreported the most often were to talk to their calleagnd
concentrate more or ttp stayfocused on their taskOther strateigs included protectingther
controllers and watchintipe activityin other sectors.
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TABLE 30. CONDITIONS N WHICH DIRECT FUGHT REQUESTS ARE HONORED

Condition

Honor most requests for direct ity

Offer direct routes when not too busy

No negtive impact on aircraft or syem

Depends on how far theyan @ before theyhave to gt back on route
Usethem morein theWesten US tha in theEast

Offer direct routes if D-side is not too busy

If there & an energency

Honor requests if thegont require too much computer entries
Offer direct routes in own sector or area

TABLE 31. COPNG STRATEGES USED TO DEALWITH BOREDOM

Coping Straegy Numbe of Paticipants
Talking with colleagues 43
Concentate nore (sty focused) 25
Try to help (or protect) other controllers 9

Note. Expande list of ansversis presented in Table B11, Appendix B

We asked participants to describe how vieigh workload influenced their separation decisions
and planningquestion 8).Participants offered a lorigt of answers.Table 32 shows that they
becane more conservate or erred onhte safe sle. Accordingto 21 paricipans, a veryhigh
workload required controllers to do evtning faster (thinkingand excuting. Nineteen
participants mentioned that, in a higrorkload situation, controllers must act eanhd avoid a
wait and se situdion.

When asked in what wayatigue influences the strateg theychoose (question 9), a larg
number of controllers indicated that fateghad some netive effects. Table 33 shows that
controllers reported that fatig hinders performance, makes it more likelymistakes to occur,
diminishes awareness, impairs straésgand fosters a natye attitude. Nineteen respondents
reported that fatige has no negjve effect.
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TABLE 32. INFLUENCE OF HGH WORKLOAD ON SEPARATON DECISIONS AND

PLANNING
Influence Numbe of Paticipants
Becomne more conservate (safer) 32
Do everyhing faster 21
Act early (rather han wai and see) 19
Intensifyplanning 12
Ensure that communication is efficient 12
Increasedvel of atention/awareness 12
Use standard procedures and routes 11

Avoid usingstrateges requiringnonitoring
Use more buffer

Note. Expande list of ansversis presented in Appendix B, Table B12

TABLE 33. EFFECTS OFFATIGUE

Effect of fatigue ~ Numbe of Paticipants

Diminishel peformance 33
Mistakes 17
Diminished avareness 12
Straegies imparments 12
Negative attitude 9

Respondents also revealed which striggtheyadopt when thefiave to deal with fatige. As
indicated in Table 34, the most popular strategported bycontrollers when thewere tired was
to become more cautious or conservatis@other strategwas to avoid the most demanding
positions.
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TABLE 34. COPNG STRATEGES ADOPTED WHEN FATIGUED

CopingStraegy Numbe of Paticipants
More cautious or conservative 24
Avoid demandingpositions 13
No wait and see - resolve thsgow 8
Offer less service 6
Ask for help or assistance 5
Concentate nore 4
Keep it simple stidk to thebasics 4
Engage in physical activity(stand up, drink water, move around ) 2
Plan ahead as far as possible/further out 2
Slow down traffic 1
Easysector - stagluringbreaks 1

When asked about the effects okamn controller decision makirand planningquestion 7), 13
participants responded that such effects do nist.eldowever, Table 35 indicates that many
participants have identified some atge effects. The most commonlynentioned one, reported
by 45 participants, was that@aglows controllers down.
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TABLE 35. EFFECTS OF AGE ON CONTRQIER PLANNING AND DECISION MAKING

Effect of Age Number of Rirticipans

Slow down 45

=
w

None

Degaded nemory

Diminishel skills

Less e@

Do not work as well with others

Less fleible

More stressed

Do not handle hilg volume of aircraft as well
Diminisheal physical abilities (eg., impared hearing)
Less motivaed

N NN WO W S DM DM 1O

More diffi cult to keep up wth the pace

Many paticipants reorted tha age had somenegative effects on ontrollers’ skills, but 12
participants sugested that these effects were not esagon older controllers who relied more
on ther experience and less on thi skills. Paticipants sugestel tha older controllers
employed some adaptive strateg, such as those listed in Table 3Be two strateigs
mentioned the most frequentlyere to be more cautious or consgive and to relynore on
planning Statements such as becomingre prudent, plagg safe, takindess chances, not
bettingon the come, and beimgore careful were reguped under the catexy “more cautious
and conservative.”
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TABLE 36. ADAPTIVE STRATEGES TO MITIGATE AGE-RELATED EFFECTS

Adaptation Numbe of Paticipants
More cautious or conservative 18
Relyon planning 11
Act early 5
Use more buffer 3
Use memonaids 3
Use flight progess strips 2
Ask for help sooner 2
Avoid difficult or busysectors 2

In question 23, participants identified which situations made it the most difficult for them to
maintain separationTable 37 shows that a majority controllers, 79 out of 100, identified bad
weather as one of the most difficult situatio®@ther popular answers were the presence of
weaker controllers (14), higvolume traffic (12), and equipment failure (12).

TABLE 37. MOST DIFFICULT SITUATIONS N WHICH TO MAINTAIN SEPARATON

Situdion Numbe of Paticipants
Bad weather 79
Weaker controllers 14
Traffic (high volume or complex 12
Equipment failure and outag 12
Weaker or uncooperative pilots 11
Poor communications 10
Restrictions 8
Unusual situations 7
Disturbance in control room 5
Aircraft varying in performance 5

We also asked participants to describe how the most difficult situations influenced their
separation stratégs and planningTable 38 presents a list of theported effects of bad weather
on controllers’ work.In general, controllers have less control over aircraft in bad weather, and it
adds a lot of uncertaingnd difficulty.
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TABLE 38. EFFECTS OFBAD WEATHER

Effect

Less control over aircraft

Adds uncertainty

Makes planningnore difficult

Requires to use different flows than standard routes
Creaks congston

Increases amount of communications

Lack of wedter nformation

Slowingthings down

Happens quickly

Lose options

Airlines have different standards

No wrongadititude and no tianging dtitude unless reuested
More point outs and coordination

In-trail restrictions, overload of information

No situation makes separation more difficult

Ten times hader

Keep double checkingveryhing on Airport Surface Detection Equipment () radar when
visibility is low

Cant see aircraft throdgwindow

Work fewer aicraft because cansee hem

Require moreatention

Cant make @od decisions because ddmow what the options are
Requires more thinkingnd planning

Some participants also mentioned which stiagetheyusuallyadopted when the weather was
bad. As shown in Table 39, some of the reported strategere to use more buffer and to rely
more on vertical separation.
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TABLE 39. STRATEGES ADOPTED DURNG BAD WEATHER

Strategy

Use more buffer

Use verical separabn

Do more planning

Be more conservative (cautious)

Pay moreattention (sty focused)

Being assetive and ensuretha pilots ae aware of who is ontrolling the sector
Becone much nore stict with whataircraft need ¢ do

Ensure thingare done immediately

Work fewer aicraft because cansee hem

Keep double checkingverghing on ASDE radar when visibilitis low
Stop departures and concentrate om@aircraft

Need to indicate to pilots extly where to deviate around weather

3.7 Aids to Decision Makin@nd Planning

In question 24, participants identified the planrangl conflict detection aids that were available
to them and which theysed. Their responses varied accordiegmanydimensions such as the
level of automation and the function of the different decision-makimthplanningids. Table

40 lists the automated planniagd decision aids reported the participantsConflict alert was
the most frequentlynentioned tool.

TABLE 40. PLANNING AND CONFLCT DETECTION AIDS USED Br CPCs

Tool Numbe of Paticipants
Conflict Alert 50
Minimum Sde Altitude Warning (MSAW) 29
Traffic Situdion Display (TSD) 2
Runwayincursion deviceATCT only
Traffic Alert and Collision Avoidace System (TCAS) [codkpit only] 1
Traffic Managment Advisor (TMA) TRACON and ARTCC only 1
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Although conflict alert was the aid cited the most often, maonytrollers have criticized it.
More specifically 26 participants have made at least one of the complaints presented in Table
41. Accordingto these controllers, it appears that the conflict alert is not a reliable tool.

TABLE 41. PARTICIPANT COMPLAINTS REGARDNG CONFUCT ALERT TOOL

Complant

Wrong more often than rigt (too manyfalse alarms)
Usuallycomes off too late, when separation is alrdady

Usuallyknow that it will go off, 99% of the time it comes off
when actions ae dready initiated

Cant count on it in arrival sectors - No confidence

Too manymisses

Inadequate betweeRR and VIR (Visual Hight Rules) aircraft
Better in high dtitude

Similarly, some respondentsessed some criticisms about MSAWineteen participants had
complained about the reliabilitf this tool (wrongoo often), 11 declared that MSAW was of
little hdp to then (rarely usal or not réevant), and findly, 3 reported tha MSAW derts them

too lae.

Many of the reported controller decision-makiaigd planningids were radar baseéor

example, as shown in Table 42, j-ringd vector line were radar-based features often reported by
the paticipants.
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TABLE 42. RADAR-BASED TOOLS SUPPORTNG CONTROILLER DECISION MAKING
AND PLANNING

Tool Numbe of Paticipants
JRIiNg[ARTCC only 43
Vector Line [TRACON and ARTCC only 41
Route line ARTCC only 23
History[TRACON and ARTCC only 19
Radar/Data teg) 13

Range bearingARTCC only
Flight Plan ReadoutyRTCC only

Data block managment (Offset data blocks)
[TRACON and ARTCC only

Other 5

The other decision-makirgnd planningids reported bthe controllers are presented in Table
43. These include fligt progess strips and weather-related tools such as windshear alert,
weather computer displagnd Doppler radarParticipants also reported some non-automated
tools like their coworkers, status board, notepad, and binoculars.

In question 25, participants had to identifiyat other tpes of aids would help their demn
makingand planning Table 44 shows that thepgs of aids mentioned most frequentigre
conflict probes, better radar equipment, better weather status information, and datéoklof
these sugestions are presented in more detail in AppemjiXables B14-B30.
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TABLE 43. OTHER TOOLS SUPPORTNG CONTROILLER DECISION MAKING AND
PLANNING

Tool

Flight progess strips

Windshear alert (ATCT and TRACON ohly
Coworkers (brothes'keeper)

Status board

Notepad

Binoculars (ATCT only

Weather computer display

Doppler weather radar

Runwayclosure sigs

Informaion Display System (IDS) 4 (Airport info, Automac
Terminal hformation @rvice (ATIS), In-trail restrictions)

Lights on strip boards

TABLE 44. TYPES OFAIDS THAT WOULD BENEHT CONTROLLER DECISION
MAKI NG AND PLANNING

Type of aid Number of Participants
Conflict probe 24
Better weather status information 18
Data link 17
Better radar 14
Data block improvements 12
Use of color display 11
Electronic fliht progess strips 9
Planningtools 9
Ground radar improvements 8
Better radio/communications 8

Note. Expandel list of ansvers is presented in Table B13, Appendix B
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Many of the tyes of aids identified bthe participants were stems currentlyinder
implementation or development, such as conflict probes, data link communication, electronic
flight progess strips, and plannir@nd projection toolsMany en route controllers said that they
would welcome User Request Evaluation Tool (URET) or a-tange conflict probe that would
consider aircraft in other sectors (as shown in AppeBdikable BL4). Some terminal
controllers mentioned that theyould like Airport Movement Area Safefystem (AMASS) to

be available to themThe third most popular pe of aid was data link communicatio8pecific
answers (see AppendB Table BL6) sugiest that participants believed that thipayof aid

would help prevent the coasgtion of frequenciesSome participants also geessed that they
would wdcomethe possibilityof usingautomded compute entries for reetitive clearances

(e.g., arivals usingthe sane desents) or thepossibilityof sendingthe sane clearance to many
aircraft at thesametime (e.g., sped dearance for multipleaircraft). Nine paticipants

mentioned that electronic flg strips would be helpful, and two of them added that electronic
flight strips should be implemented on touch screen dsplay include conflict detection tools.
Nine participants reported that thewuld like to use specific plannirigols such asiRkal
Approach $acng Tool (FAST), Surface Managment Advisor (SVIA), TSD, and OAS (listed

in AppendixB, Table B0). Some participants @xessed their interest in tools that would allow
them to project the trajectoof aircraft. More preciselythese respondents have gegged that
theyuse CTAS route displayr some tools that would allow them to projecthtigoutes when
consideing flight plan changes, se theroutedisplay of arcraft in othe facilities, and project
altitude based on rate of climsome respondents thdughat their decision makirgnd
planningwould be facilitated if their computer and themselves had access to databases including
all fixes in the NAS, all call sigs, and airports (as shown in AppenBixTable B4). Finally,
three participants believed that automatngraft cockpits would also benefit them (Appendix
B, Tabk B30). For exanple, one rentioned hat TCAS is heping contollers because [ots
maintain a geaker awareness olfi¢ stuaion and needtask fewer quesins.

Participants also identified mamypes of aids that would improve the disptdynformation on
their radar monitor Many controllers epressed the desire to have mareusate weather
information on their radar displggugestions are presented in Append@xTable BL5).

Besides addindpetter weather information, participants also wanted their radar disptagsent
the generalinformation nore accuray and he equpmentto be nore relable (as showm
AppendixB, Table BL7). Some patrticipants sggsted some modifications to the displydata
blocks on the radar monitor (Appendsx Table BL8), such asiging more prominence to
specific types of information (e.gspeed and headingSome participants have described how
the use of calr displays could enhancehte nformation theyreceve (Appendk B, Tabk B19).
Theyproposed that different colors should be used to help rememioeenitjghts, identifyng
arrival airports, preventingonflicts, depictingveather information, discriminatingFR aircraft,
and desigatingspacingorogams. Many tower controllers gxressed that their decision making
and planningvould benefit from an improvedaund radar sstem (Appendix8, Table B1)

and seven participants gegted that ASDE should use data blocks.

Eight participants sugested improvinghe radio communication sgem. More specifically as
shown in AppendipB, Table B2, theysugyested that better radios would reduce the estign

of frequencies, that a visual cue on the radar disgiayld indicate which aircraft is
communicatingo the controller, that clearances with similar calhsighould not be confused,
and that aircraft communications should not interfere with controller to aircraft transmissions.
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Some sugested that some improvements could be made to th&qathergnomics of their
equipment and environment (Appendix B, Table B27). For example, they suggested optimizing
the ighting condtions n the contol room redesgning Display System Replacenent(DSR)
with more room for trackers (radar coordinator position) in ARTCCs, remaonuilpons from
tower cabs, improvinglight progess strip holders, and acquiricgrdless headsets.

Other controllers reported that someamiigational adjustments and chasgo current
procedures and ratations would help their decision makiagd planningAppendixB, Table
B27). For example, some participants mentioned that tlveuld benefit from departures and
arrivals that would be more spread out, better work schedules, less interferenceffiom tra
management, and se&tors and fecilitie s stdfed with morepeople Paticipants desaibed different
ways to reduce the amount of manual entries thegd to perform (AppendB, Table B5).

First amonghese propositions is the elimination of the 6.7.10 amendment reqemtigpllers

to type manyentries when an aircraft needs to be reroutedo participants indicated that aids
that would reduce coordination would also be a benefit for controllgideanakingand
planning(as shown in AppendiB, Table B5). Theysugyested that point outs and interim
atitudes baween fecilities beautomaed. Thefive controllers who r@orted tha changes to
airspace and regations would help their decision makiagd planningroposed a few
modifications (AppendiB, Table B9). For example, four partipants sugested some form of
separation standard reductioDther respondents have made som@esigpns regrding
controller training As shown in AppendiB, Table B8, these participants believe that training
standards should be raised, that trairamds to learn the performance characteristics of different
airplanes should be available, that tower traimngsimulators should be offered, and that
controllers should complete a refresher test eyeay.

The last question, question 26, invited participants to ideissiyes related to controller decision
makingand planninghat had been overlooked duritige interview. A majority of the
respondents (54 out of 100) found nothingdd. Others identified issues that had not been
addressed durinthhe interview (AppendiB, Table BB1) such as the influence on decision
makingand planningf factors like workingschedules, TMUs, personal factors, manaent,

and labor relationsParticipants also discussed trainingade gneral comments, identified
problems in ATC, and made diverse gegjions, which are presented in AppenBixTable BL4.

4. Discussion

The present studpvesticated a larg arrayof issues related to controller decision malkangl
planning This disaission will summaze someof thethemes and trends etracted from the
participants’ reports and identifome targts of opportunityor future field studies. Because a
semi-structured interview format with open-ended questions was used, thevatudploratory
in nature. However, the finding were revealingbout ATCS decision-makingocesses and
strateges.

4.1 StudySample

The present investagion examined the decision-makirad planningprocesses of controllers
working in en routeand temind facilities. However, paticipants wee not equdly distributed
across facilitytypes. The majority 62 out of 100 participants, were ARTCC controlleFbis
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type of field sudyis chalengngin terms of sampling. Participans are nore accesbie in
ARTCCs because these facilities are staffedhiogh geater numbers of controllers than towers
and TRACONSs.It is therefore not surprisinfat ARTCC controllers represented such adarg
proportion of the studgample.Further, the number of females in the workforcer@magng, but
they reman theminority. This fect was rdlected in thesmdl numbe of femde paticipants in

the sample (7%). Participants in the present siughe hidnly experienced (averagpf 17.6

years).

4.2 Situation Awareness and Memory

When theyassume control of their position, ATCSs must maintain a continuapditing
mental picture of he arspace.SA for ATCSs refers o the percepbn and integraton of
elements such as aircraft and to the comprehension and projection of their futurel$tatus.
important role of SA in controller decision makiagd planningvas often depicted in the
results. A greater SA was the most frequent response when participants were asked how they
improved wth experience and whatharacatrizes contollers who can ealsi hande large
volumes of traffic. Paticipants’ reports sugest thd controllers stat to establish ther mentd
picture prior to assumingpntrol of their position, mostlguringthe position relief briefing
Standard ATC operatingrocedures dictate a step-&tep process for conductiagransfer of
position. This process ensures a complete transfer of status information to retewningllers.
Most common answers imptitat controllers observe the radar dispfaght progess strips,
and status board to detect aircraft conflicts and assess the weather conditiois fiarivéug
thar SA.

Paticipants’ reports ofte illustraed thecollective naure of ATC. Controlles ae team players
who must coordinate their actions and plans with pilots and wifwey controllers Participants
said that theyry to remain aware of the activiof controllers in neigboringsectors.For
exanple, beng aware of he workbad of contollers in feedhng and receiing secbrs s often
crucial. Their reports also revealed that controllers oftendrye awee of who the controllers

in the other sectors arénterviews revealed that a la&groportion of the participants consider
the skill level of the controllers workingith and around them when makidgcisions or
planning Paticipants dso indiated thd it is somémes impeative to conside the preferences

of some controllersFor example, beforeiging a direct route to an aircraft, a controller should
consder if the nex contoller usualy acceps directroutes or nat

One waythat controllers maintain their SA is bganningheir environmentMany participants
reported that theiry to maintain the same scanniteghnique but that the adopted technique
varies accordig to the conéxt, espeally the {pe of seatr. Many paricipans also described
tha thar sanningprocess is somemes intarupted when they focus on aeas of high activity or
complexty. Some controllers warned aigst the dangr of “tunnel vision.”

Follow-up studies could gore the importance of the differenpgs of information theyse to
form their mental pictureDeterminingif these tpes of information are covered or not during
the position relief briefingould be veryseful.

SA and ognitive activities sud as decision m&ing and plaaningdepend highly on memory.
The present studgdapted a question from Gromelski et al.’s (1992) stodlyvestigte
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controllers’ use of memoradon techniques (question 4Results sugested that flidpt progess
strips, in facilities where thegre used, plag major role in supportingontroller memory This
observation supports Gromelski et al.’s findingor example, controllers described that they
support their memorly writing on the flidht progess strips and byffsettingthem in the strip
bays. Someapproah controls hare diminated strips ad someARTCCs ae phasingthem out
with theimplementation of URET. Controlles in these facilitie s ae finding dternaive memory
supports in the capabiligf the new tools Another investigtion could assess with which
frequencycontrollers use the different memdegchniques reported in this stualyd how that
may chang with proposed automatiorit would be interestingp know if their answers would
vary accordingo experience and facilityype.

4.3 Controller Skills and Egerience

Many controllers indicted tha they keep improvingthdr skills &ter formd training simply by
going to work evergay and assumingheir functions.As some controllers said, “practice,
pracice, and praote” are kegto keep mproving. Other paricipant added lhatexperience
does not sufficeControllers will improve onlyf they have a desire to do so and if theopt a
professional attitudeAccordingto other respondents, thegyof exerience also matters, and
controllers will improveby experienang difficulties and learning how to ovecomethem. Othe
repors suggest thatvicarious karnng may play a sgnificantrole in contoller improvenent
because 20 pacipans indicaed hatthey learn byobservihg other contollers working. Some
general comments sggsted that, because of argzational constraints, little formal training
avalable o contollers afer they becone certified and hatrefresherraining and conputer-
basal instrudion ae of little use Paticipating controllers dso desaibed thd, with experience,
theyhave geater SA, become more comfortable and confident, and improve their planning
skills.

Investigating how participants defined prrienced and skilled controllers was important because
controllers ma atempt to enulate ther moreskilled peers. Wha controllers bdieve constitutes
ATC expetise may dso hae asignificant impact on theway they learn and exercisethar skills.
Paticipants hae desaibed skilled controllers with avery longlist of atributes, skills, and
techniques. Accordingto thetrats and skills mationed themost ofta, paticipants bdieve tha
outstanding controllers ae sdf-confident, cam, intdligent, have agreater SA, think and act
quickly, plan and prioritize well, and aregd communicatorsThis portrait reflects some of the
most popular responses collecteddrpmelski et al. (1992), which were that outstanding
controllers are god at plannin@nd prioritizing have g@od SA, and areapd communicators.
No characteristics were unanimousported, which suggsts that controllers mig not agee
completelyon what skills or attributes should be acquired to become a better controller.

4.4 Decision Makingand Planning

One gpal of the present studyas to investigte the strategs that controllers use in different
situations or contds. Results showed that controllers identifigir first strateg even before
assumingcontrol of their positionParticipant answers indicated that a majaoitgontrollers
generallyalreadyknow what actions thewill execute first when thegssume control of their
position. Answers sugested that the number of planned actions depends on the diffoculty
complexty of the situation.Planninga geater number of actions before tressume control of
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thar position dows controllers to reulate or mantain thdar workload & a morecomforteble
level. Paticipants enphasized theimportance of planningskills, a evidenced when reporting
them to be a characteristic of outstandiogtrollers and one aspect tHead themselves
improved with eperience.Moreover, a larg proportion of participants reported alsarying
to formulate a backup plan as part of their overall planpiogess.

Formulatinga backup plan before implementiagtrateyg or before deliveringlearances most
likely produces a higer workload for controllers, but it also provides them with a quick
aterndive on whid to rdy. A mgority of thepaticipants, 65%, rported dways trying to
formulate a backup plan in cageir initial strateg would not work. Meanwhile, 16% of
respondents declared never formulatiagkup plansFurther analges revealed that reports of
usingbackup plans did not differ between terminal facilities and en route ARTREsults
showal tha the moreexperienced controllers were, themorelikely they were to report tha they
formulate backup plansThis result mayndicate that, with gxerience, controllers believe that it
is advantagous to formulate a backup plaAnother possibilityis that eperienced controllers
are able to come up with a strategore rapidlythan less gxerienced controllers and that they
consequentijhave more time to elaborate backup planss also possible that pgrienced
controllers ae simplyless réuctant to admit tha they formulae sudt plans.

Controllas’ most importat tesk is to mantain sepaation beween arcraft. The ATC

requlations preciselglefine minimum separation standards to which controllers must abide.
Controlles reportad situdions in whid they usealarger separation to ensuretha sdety will be
maintained. Paticipants deaibed tha they tend to usealarger buffer when thesector activity is
high (bad weather, high trefic volume military opeations), for pesona reasons (faigued, do
not feel wdl, distracted), & therequest of management or othe facilitie s, or to &oid puttingtoo
much pressure on the rtesectors.

Some paricipans pointed outthatcontollers prefer noto ask for hgd becausenieyconsder i

to be a sig of weaknessParticipants’ answers also giggt that knowingvhen to ask for help is
a critical skill for controllers ATCSs maynot want to ask for help too eatigcause themay

be chastised for doingso, but wéing too longmakes it hader for them to get hdp. For

example, when arada assocate controller comes to hép aradar controller, thelatter will need to
brief the former, and consequentiise workload.Therefore, a radar controller mesit too

long and become too busy ask for help.One sugested solution was for radar controllers to
avoid havingo brief their helper byequestinghe help of a tracker instead of a radar associate
controller.

Someof theanswe's dso eanphasizal therole of supevisors in offeing hdp. Similarly to
ATCSs, OSs must offer help to their staff not too earlgl not too lateTheymust skillfully
ensuretha optimum stéing is assigned when ar traffic is denandingand avoid leaving extra
controllers & positions whee thetask loal is light. Supevisors ae often indined to mmbine
positions of operations to allow their staff to take lmgr more frequent breaks, but thiesk
beingcaudnt with less than optimal staffingtraffic increases sudden($pring 1998). Some
participants indicated that theyished that stations alwawere staffed byt least two
controllers, as thewyere desiged to be.
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Controller tasks certainlyary accordingo the tye of facilityin which theywork. It is not
surprisingtha paticipants from diffeent facility types somémes reorted usingdifferent
strateges. For example, in a hig workload situation or when a potential conflict is detected,
controllers in temind facilitie s were morelikely than en routecontrollers to rgoort usingthe

first straegy tha they develop instexd of consideing dternaives. Termind controllers dso
indicaied hatthey are kss Ikely to wat and see whernéy are notsure f there s a confict.

Tower and TRACON environments arengrallymore structured than ARTCCs and leave less
time for controllers to diret arcraft traffic. This ma explain whytermind controllers wee less
likely to regport consideing dternaives and wating beore issuingclearances.

The present studyas exyloratoryin nature and was not interdio evaluate the formal models
or theories presented in the introductidnis relevant thougto examine if controllers aged
with these heories. The observabn thatexperienced partipans seened nore ikely to report
usingthefirst straegy tha they think of insted of examining different dternaives when
identifying a potential conflict is in agement with Drefyus and Drefus (1984) and Klein's
(1989) RPDM. Theypostulate that gerts rarelyevaluate different alternativeslowever, the
participants of the present studyphasied the importance of formulatingackup plans, an
aspect not found in previous efforts to represent controller decision maitmthe RPDM
(Hutton et al., 1997; Mdgrd et al., 1994; Mdgrd et al., 1997).The importance of backup
plans maybe an aspect unique topett decision-makingomains like ATC, where safeity the
main priority.

4.5 Pilots and Controllers Requests

Most controllers considered ATC to be a service indusigst participants indicated that they
always try to honor pilots’ requests, based on their workload, on the potential impact on the
traffic in their own sector, and on the impact on the controllers’ workload in theeebors.
Some participants added that tlegypuld alwag tell pilots whytheycannot honor their request
or offer them dternatives.

4.6 Decision-Makingand Plannindifficulties

As described in cost-benefit theories of decision maliayne et al., 1988, 1993; Sperandio,
1978), results of this studitso sugest that when controllers become vérysy theyadopt
straegies tha will help to reduce thar workload. For example, they will try to do eerything
faster, avoid havingp monitor the situation, act eariptensifyplanning and ensure that
communication is efficient (not to have to repeatterestingy, the tye of strateg mentioned
by the largest number of participants was not a workload reduction syratego become more
consevative. Similar straegies like increasing thar level of attention and avareness and using
more buffer mi@it not lead to a workload reduction but, instead, ensure satbgse
observations suggst that in a hij workload situation, controllers wouldegtlyfocus on
maintaininga safe operationln addition, other studies indicated that most controller errors
occur duringperiods of low to moderate levels of actifiBAA, 1988; Stagr, Hameluck, &
Jubis, 1989).

The strateges adopted bgontrollers when thelgecome tired were similar to the ones adopted
under hidp workload. Being more conservative was also the most frequendntioned stratgg
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adopted when controllers become fagd. Most of the other stratégs focused on reducing
controller workload.For example, controllers would avoid demandpgsitions, act
immediatelyinstead of monitoring developingsituation, ask for help, and slow down the
traffic.

When patrticipants described how thasal with boredom, the most common answers were that
theyengage in casual conversation with the other controllers and thatciwegetrate more.

This reflects results obtained Bromelski et al. (1992)Participants also mentioned a series of
othe activities besides distrating themsdves tha hdp them fight borelom. Many activities
consistel of tryingto raman busyor findingadditiond work. For example, controllers will try

to increase their involvement in their sectoreyiewingflight strips, offeringnore service,

trying different techniques, and checkitige weather Other strateigs consisted of finding
additiond work outsideof controlling thar sector like revising doawmentaion and manipulding

or adjustingequipment controlsAnother goup of strategs focused on ensuritige safetyof

the operation.For example, when bored, some controllers will project potential scenarios, slow
down, use more memojgggers, use more buffer, check thsigvice, check for errors, make
clearances as egrds possile, and becommore conservate. Participans repored fighting
boredom bywatchingother sectors and protectinther controllersSome considered helping
others without a specific request as thenbgj level of team coordinationd®ers,

Blickensderfer and Mo, 1998).

A large proportion of the respondents believed thatlzad the effect of slowingpntrollers

down. As theybecome older, controllers would think and act less rapithys position is in
ageement with the literature on the effects ahggn cogition (Morrow & Leirer, 1997).

Most controllers would age that aimg has some netjve effects on controller performance, but
manybelieve that older controllers can maintain their level of performanoceyoyg on their
experience and usingpmpensatorgtrateges (Davies et al., 1992p0knson, 1990) such as being
more conservative and ratg more on planningBelieving that one should adopt compensatory
strategies with age may bekey to mantaining a high level of performance and comfort ove the
years.

A few paticipants rgorted tha military traffic is afactor addingsomecomplexity to ther tasks.
Military traffic was identified as areason to &k for hdp or to usealarger buffer. Rodgers,
Mogford, and Mofprd (1998) found militaryraffic to be a factor with a statisticakygnificant
relationship with the number of operational errors in en route sectors.

Weather play a critical role in ATC operationgzor example, bad weather was responsible for
69.2% of delagin 1999 (FAA, 2000b). Many controllers reported collectingeather status
information before or when relievirapother controller A majority of participants identified

bad westher as themost diffiault condition for ontrollers. Bad westher soméimes foraes
controllers to usealarger buffer and put #l aircraft at different dtitudes (rdy moreon vetical
separation) while tiyg to direct airplanes around the bad weather, often thrauzarrow
corridor. ATCSs will sometimes ask for help or stop honomigt requests in bad weather.
Many participants indicated that theyake sure to have a backup plan when the weather is
inclement. Many participants also gxessed that an aid that would provide them with better
weather information would be of benefit to their decision makimg) planning Some
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suggestions were to enhance the presentation of weather information ordisiglays with
colors and to provideaway to gather weather informaion & different dtitude levels.

Many answers emphasd that safetys the main priorityof ATC. Participants described that
becomingmore conservative or cautious (euse largr buffer) is the stratggo adopt when
confronted to mandlifficult situations, such as bad weather hhgorkload, fatige, and aigg.

4.7 Decision Aids

Identifying how further automation could support controller decision makimyplanningvas

an important gal of the present studystudyparticipants identified which supportingols they
use or have accessih their work envionment The nostfrequentanswers were conét alert,
JRing, vector lines, MSAWTroute lines, and histaryTheyprovided manyanswers and the
different decision aids varied alodgferent dimensionsFirst, some tools are available oiry
sometypes of failities. For example, Jring is available only in ARTCCs, vetor lines are

available in both TRACONs and ARTCCs, and TCAS is an aircraft cockpit Bxgision

support tools also vamgccordingo their level of autonomyConflict alert, MAW, and TCAS

are hidnly automated aids that operate without much intervention from the users compared to
notepads and binocularghe different aids also varied accordiogtheir function.For

example, conflict alert, MSAWand TCAS are tools for conflict avoidance; data block
manag@ment and notepads support controller memamng Doppler weather radar and binoculars
provide more specific information to controllefglany controllers reported that théave

limited trust for onflict dert and MSAW, whid they conside to bewrongtoo often.

Respondents also established what othmedyf aids makielp their decision makingnd

planning Many are exsting systems or concepts currentipnder development or
implementation¢.g., URET, AMASS, and NexGeneration Radar (NEXRAD)[The

suggestions most often reported included conflict probes, better weather information, data link
communication, and better radaRarticipants’ request for conflict probes coincides with the
Panel on Humandetors in Air Traffic Control Automation’s recommendation to focus near-
term automation development on decision aids for conflict resolution and maints@pagtion
(Wickens et al., 1998)Although only 10 came up with no sgestions, participants mayave

had more suggstions if theyhad more time to think about this issuedifferent surveyformat
might have been more efficient in collectiadgarger number of propositions on this issue.

Some controllers gtessed an interest in modifg data blocks presentatiokuggestions
seemed to differrgatlyfrom one participant to anothelFor example, one controller would have
liked to see headisgn data blocks, another mentioned rates of descent and climb, and one
suggested that information should not be shared (or alternatimige often).A future
investication could eamine if changs should be madeKnowledge of the stratags used by
controllers in different contés such as the e of sector or the level of workload could allow
displays to emphasie the information most relevant to controllers at that momaAnbther
interestingquestion would be to determine if an adaptive data blogtknsypresentingor
enmphastzing differenttypes of hformation accordag to the presensituaion coutl hep
controllers. Other controllers requestedogind radar displausingdata blocks.Determining
whd types of informadion towe controllers need could fecilitate theintegration of sut afeature
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Some controllers reported their need for tools etesys that could reduce the amount of
coordination and communication theyst achieve in the currentssgm. Many participants
believe that data link communication would benefit thédthers wished that thesould send
multiple clearances in paallel and m&e automaed point outs.

Someof the answea's made by the paticipants mg offer someusdul guiddines to developers of
future decision aids. Reports regrding controller SA sugest that decision support Sems
should assume that the level of SA varies accorttingeexperienceandskill of the controllers.
Paticipants indicated tha they stat forming ther mentd picture before they assumecontrol of
their position. Decision aids should therefore provide controllith relevantinformation at
thattime. Participantsreportsalso sugest that decision aids should help controllers to maintain
or enhance their SA of other sectors and positions. Participants enedtthaizhey useflight
progess strips to matain thar memory. Future dectronic flight strip swtans will therefore
needto provide controllers with alternative wayo support their memoryruture decision aids
should support controllers when thase confronted bpadweather the situationconsideredo
bethemost diffiault by amgority of the paticipants.

Finally, an additional studfocusingon decision makingnd the strategs within the ATCT
environment could complement the results of the present,studyich ARTCC controllers
represented a majorityf the participants. A follow-up survepuld investigte which factors
contributethemost to ATCT omplexity and whid straegies they useto deal with these
compleities. Further, questions ould examine decision-m&ing issue related to theuseof
ATCT procedures such a®AHSO and position and holdA systematic review of fyes of
information theyuse and where the information is representedpnayide a baseline of the
current environment to assist in the transition to future automation. As a follow-up to the
controllers request from the present stutlg nex studycould also focus on controllers’
expectations regrding one requested technologl chang: ground radar da blocks (targts
identification). Comparinghe perspectives of local antbgnd tower controllers could Higght
important differences in decision stratgjand information needs.

The present studyas provided argater knowledg of controller decision makirgnd planning
The results maguide desigers of decision supportsgms and help them match these tools
with usersperceived needs and facilitate user acceptanbe.results will also help to identify
targets of opportunityor more focused interviews in field facilities.
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ACRONYMS

ACE Automdic Clutter Eliminator
AMASS Airport Movement Area Safetgystem
ARTCC Air Route Traffic Control Center

ASDE Airport Surface De¢cion Equpment
ATC Air Traffic Control

ATCS Air Traffic Control $ecialist

ATCT Air Traffic Control Tower

CID Compute Identification

CTAS Center TRACON AutomationyStem
DSR Display System Replacenent

FAA Federa Aviation Administrdion
FAST Final Approach Spacingool

FL Flight Level

IDS Information Display System

IFR Instrument kght Rules

IRB Institutiond Review Board

MSAW Minimum Sde Altitude Warning
NAS National Airspace $stem

NEXRAD Next Generation Radar

oJr On-The-&b Training

oS Operational Supervisor

PTS Pre-Training Saeen

RPDM Recogpition-Primed Decision Model
SA Situgion Awareness

SMA Surface Managment Advisor

SME Subject Matter Egert

TCAS Traffic Alert And Collision Avoidace Systan
TMU Traffic Managment Unit

TRACON  Terminal Radar Approach Control
TSD Traffic Situdion Display

URET User Request Evaluation Tool
VFR Visud Hight Rules
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Air Traffic Control Specialist Decision Makingnd Strateig Planning— A Feld Survey
FAA Willia m JHughes Technical Center

Research and Development Humattérs laboratory

Bacdkground

The Research and Development Humantérs laboratoryis conductinga studyon controller
decision makingnd strateig planning With potential applications to air traffic control trainjng
error analgis, and decision aid desiga better understandid Air Traffic Control Specialists
decision makingnd strateig planningis necessary

Purpose

This god of this studyis to investigate how Air Trdfic Control Spesialists make ther decisions
and how thg plan ther straegies in opeationd sdtings. Human Factors researchers will
conduct interviews to identifwhat factors influence controllers’ decisicasdwhattechniques
they useto achieve thdr tasks.

Participants

The HumanFactorsLaboratoryis looking for volunteer controllers to participate in interviews
that will be conducted in their facilityThe facilities will be visited in August and September
and they will includemgor termind and en routefacilitie s.

Your only direct benefit is gur opportunityto participate. The benefitfor Air Traffic Control
Specialistderivedfrom the resultsof this studymayinclude a better understanding decision
making and planningin air traffic control which could reduce thi#elihood of operational
errors, improve trainingnd promote the development of adapted decision aids.

Procedure

Thetime requirement for theinterview is goproximately 45 minuts. OneHuman Factors
researcher will conduct the interview, which will be held in a private setfihg records of this
studyare strialy confidential, and you will not beidentifiable by name or desaiption in any
reports or publications about this studyhe interviewer will take notes duririge interview and
paticipant controllers will bewecomed to mnsult thenotes if they wish to. Audio recordings
will also bemadeto dlow interviewers to @omplee thar notes after theinterview. All collected
information is for use within the Research and Development Humetors laboratoryonly.
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Your daawill be collected by codenumbe and no pemanent record of your nane will be
maintained.

Rights of Paticipants

Paticipation in this studyis stridly voluntay and theprivacy of paticipants will be protected.

No individud names or identities will be recorded or rdeased in any reports. Strict adheence to

all Federal, Union, and ethicalugdelines will be maintained throbgut the study The purpose
of the studyis to seentifically assess thepreviously cited concepts, not to ealuae theindividud

controllers.

Point of Contact

Your supportis importantto the successf this project, and gur cooperation will be rgatly
appreciatedIf you have anwadditional questions, then please do not hesitate to contact me.

Earl S. Stein, Ph.DEngneeringResearch Pshologst
Technical Project éad (609) 485-6389

William J Hughes Technical CenteACT-530

Bldg. 28, Research and Development Humatters laboratory
FAA Willia m J Hughes Technical Center

Atlantic City International Airport, NJ08405

You mayalso contact Mr. AnthonBuie, SATS, Project Controller Subject Matterpext
(609) 485-4869.
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Table BL. Gender, Status,dg€ility Type And Racility Level Of StudyParticipants (N=100)

Gender
Femdes 7
Males 93
Controller status
ATCSs 92
Staff (maintaining 8
currency
Fadlity type
ATCT 13
TRACON 6
Combinal 13
ATCT/TRACON
ARTCC 68
Fadlity Le vel
8 4
10 12
11 13
12 71
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Table B2. Age And Experience Of StudfParticipants (N=100)

Variable Minimum Maximum Mean Median Sta?‘df"rd
deviation
Age* 27 57 414 41.0 5.71
ATC experience 4.5 36.0 17.6 17.0 5.93
Experience at current facility 0.8 31.0 13.0 13.0 6.09
Experience in other pe of
facility
ATCT 0.0 10.6 06 0.0 1.67
TRACON 0.0 5.0 0.1 0.0 0.63
Combined ATCT/TRACON 0.0 11.0 0.7 0.0 2.07
ARTCC 0.0 7.0 0.2 0.0 1.00
Overall 0.0 11.0 1.6 0.0 2.91

* statistics exlude one missingalue (n=99)

Table B3. Numbe Of Paticipants With Experience In Othe Types Of Facility

Experience in othe type of facility

Type of facility Yes No Totd
ATCT 5 8 13
TRACON 6 0 6
Combined ATCT and TRACON 9 4 13
ARTCCs 10 58 68
Total 30 70 100
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Table B4. Types Of Informaion Gahered Before AssumingControl Of Position

Type of information Number of participants

Conflicts

Weather

Flow of traffic

Equipment status

Traffic volume

Runwayconfiguration

Restrictions

Altitudes of arcraft

Directions/headingjof aircraft

Look for unusual situations

Look at sector incomingnd outging aircraft
Look for same altitudes

Quick look at other sectors

Look for situations requiringnmediate attention
Limited daa blodks

Check for speia activities

Speed of aircraft

Determine climb rates

Types of aircraft

During relief briefing- look for traps

Familiarize with nev procdures

Handoffs

High altitude sector - look at nawipnal aids (NAVADS)
and taffic scenans first

When local controller, look at aircraft in relation to runway
(depating or sitting

Look at briefingmanual/binder

Look at whom controller is talkintp

Observe traffic on radar - identifyormal traffic

PRRPRPRPRPRPRPNNNNNWADMDMON®ERS

[ERN

T

B-3



Table B5. Personal Memoryfechniques UsedyBControllers

Personal technique Numbe of paticipants
Flight progess strips 59
JRing (ARTCC) 22
Data block manasment (TRACON and ARTCC) 20
No need/none 19

Writing on notead

Avoid havingto remember

Help from others (“D-sde” [radar assoate ] or pilots)

Fix things immediately this way | will not forget (Think of it, you do it)
Look at radar

Preplanning

Leader line lenip (TRACON and ARTCC)

Status information board

Temporay dtitudes/Ente assigned dtitude

Attention

Scope markingtape or gease pencil) (TRACON and ARTCC)
Repetition

Pointing

Look at the routes used

Break situdion into sgments

Move computer displajeatures (TRACON and ARTCC)

G4 into rhythm

Memorizes (word association) VOR identifiers and callnsig
Establish priorities

Checklist - preposition réief

Rotememorizdion

Forms a mental 3-dimensional picture

Double check data

Make suretha issuel dearances will ensuresepaation thelst time
Not get bogged down bydetails

Not worry or think about aircraft not in the picture

Try to forget things that happened earlier

Use shortcuts not to have to remember

PRPPRPRPPPRPPPRPPEPREPNNNNpgwwOaaoNNGR
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Table B5. Methods Used B Controllers To Keepnhiproving After Formal Training

Method Number of participants
Throudh experience (daly prectice and repdtition) 49
Watchingother controllers 20
Learningfrom difficult situations 18
Desireto improveand professioné attitude 16
Trying new and different techniques 15

Review rules, procedures, chaagaviation information, etc.

Input from other controllers

Formal training(refresher trainingComputer-Bsed hstruction CBI],
Dynamic SituationDYSIM] Laboratory passingrom 6 to 8 sectors)
Doing it by yourself (without instructor lookingver shoulder)
Becoming morefamiliar with thefacility sectors and pilots
Practicingbasic techniques, nobmg awayfrom them/Usingoroper
techniques

Develop automdisms

Consistacy working thetraffic

Increasindevel of confidence and comfort

Being an OJ1 (on-the-job trainingnstructor)

Doing what is required bthe book

Find your limits - stréch therules

Flyingin the cockpit (observingilots)

Working busytraffic

ShadowingAirspace and Procedures, Qualitgalysis TMU
Continue to use methods that work

Remember plans that do not work

PRRREPREPRRENNNN N AN 00 O0O®

Table B7. Improvanents Reulting From Grester Experience

Improvement Number of participants
Greaer A 32
More comfortable and confident 27
Better planning 23
Increased familiarity with sectors and controllers 14
Better knowled@ of aircraft type performance 12
Act earlier 10

Developed automdisms

Less conservative

More conservative

Improved communiction skills
Easier in gneral

More wait and see

Stick to thebasics

More organized

Use more finesse

More assertive

PWhArA,IADMOUOIO OO®

B-5



Table B8. Peasondity Trats Of Controlles Handling Large Volumes Of Trdfic With Ease

Peasondity trait Numbe of paticipants

Self confident 18
Cdm 17
Intdligent (common sase logical, ec.) 13
Assertive/agressive 7
Ego 5
Patient 5
Like the job 4
Work well with others 2
Organized 2
Decisiveness 2
Less e@ (at ease with themselves, confidence withoa) eg 2
Drive to excel/Willing to push thesdves/Better themsdves/Learn more 2
Good attitude 1
Professional 1
More outging 1
Adapt to pressure 1
Cockiness 1
Lack of fear 1
Not lazy 1
Boisterous (outging, flamboyant) 1
Shorter with people who are not asod 1
Work harder 1
Witted 1
Spontaneous 1
Controlling 1
Good work ethic 1
Comfortable 1
Love a challeng 1
Strongwilled 1
Self anaytical 1
Responsible 1
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Table B9. Skills And Tehniques Of Controlles Who Eaily Handle Large Volumes Of Trdfic

. Number of
Skill Paticipants
Superior SA 34
Think, decide and act quickly 21
Good at planningnd prioritizing 15
Good communicators 12
Experienced 10

Good scanningkills

Skilled & multitasking

Patient

Good memory

Good habits and techniques/Solid techniques

Knowledge of aircraft, rules and ratations

Organized

Efficient (dont do unnecessaipings and save communications)
Skilled with keyboad

Rdiable persona technique- "same thing, saneway, dl the time'
Pay atention to deails

Do not need to think - overlearned actions/ automatisms
Comfortable runningirplanes closer

Work at a steadpace - don'rush

Use different techniques

Technique: anale, take action, know that it works and move on
Take timeto conside how opeation can opeate beter

Take handoffs in timdy fashion

Take charg and make decisions

Staybusy

Proactve

Organized thinking

Not planners, ystreact

More flexible - dont stick to plan A necessarily

Good vision and hearing

Good trainingechniques

Efficient -

Dont be on thecome- usepositivecontrol

Always work the traffic the same, independerdfythe amount of

PRREPRPPRPPPRPRPPPPEPENNNNMNN® WO 0N

traffic (moderate or heayy 1
Adapt to pressure 1
Ability to conside dl options wha seaating arplanes 1
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Table BLO. Conditions h Which Controllers Use Adrger Buffer

Condition Number of participants
Bad weather 35
Busysector 30

Weaker conbllers

Othe facilitie s request

Equipment failure

When fatigied or tired

To help out neixcontroller

Unusual events

Unknown performance aircraft

Emergncy

Unrdiable pilot

Management request

When turningor dimbing arcraft

When one aircraft doestit

When in conflict, will give moreof aturn and then fine tune
When | nead to gain time

When exra &lking needed

When dort'feel well

When conmng off an exended vacabn

When aware of incomingolding

When gpproahing thelimits

When aircraft tpes/performance are different
Time to @ home

Someimes to reluce communi@tions with arcraft
Pilot request

Personal distractions

Other seatr reachng capady

Moderate traffic

If | sense worse case scenasicomng

Heavy jets or militay arcraft

Depends on the tone of voice of other controllers
Depends on the scale used on radar

Airline in neggotiation

2 aircraft convergg at bad anig

PR RPRRRRPRPRPRRPRPRPRPRRPRPPREPREPRPEPREPNNWWOWDDNOONO©
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Table BL1. CopingStrateges Used To Deal Wth

Boredom

Copingstrategy

Number of participants

Talking with colleagues

Concentate nore (sty focused)

Try to help (or protect) other controllers
Watch other sectors

Review flight strips

Revise documentation

Offer more service

Take more breaks

Doodling

Need to slow down

Project potential scenarios

Use less buffer

Becone less conservate (lake nore chances)
Check wedter

Converse with the pilots

Do some planning

More wait and see

Try different techniques

Usemorememory joggers

Become more conservative

Check things twice

Continuallyremind mygelf to check for errors
Daydreaming

Increase involvement in sector

Look at route displasy

Look at the charts

Look throudp flight plan database

Make it moreinteresting

Make list

Move data blocks

Performing mental exercises

Playwith the equipment

Playing tic-tac-toe

Reevaluate earlier actions

Stayinside myairspace

Try to keep busyby offering direct routes and soligting reports
Turningup the radio (not to dezoff)

Use more buffer

Use time to look at other fes or approaches
Want to make clearances as egrhs posdile
Weatch limited daa blodks

Writing down notes about non work related thsing
Writing grocery lists

Writing song

43
25
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Table BL2. Influence Of Higp Workload On Separation Decisions And Planning

Influence Number of participants
Becone more conservare (safer) 32
Do everyhing faster 21
Act early (rather han wai and see) 19
Intensifyplanning 12
Ensure that communication is efficient 12
Increasedvel of atention/awareness 12
Use standard procedures and routes 11

Avoid usingstrateges requiringnonitoring
Use more buffer

Do less planning

Offer less service

Relyon help more

Usedtitude more

Slow myself down

Slow traffic

Less finesse (e.gturn more than less)
Run airplanes closer (less buffer)
Prioritize

Increase scanmg rate

No influence on separation decisions
Become less conservative

Use what works

Use flight progess strips

No conversations with other controllers
More delberae

Need b be nore efficient

Reach outcal out

Use visual separation

Try to expedite aircraft througthe sector
Look at speeds more than altitudes
Usemorewrongdtitudes

Do not accept wrongltitudes

Try to detect conflicts further out

Do not focus attention as far out
Become more stressed

Use more <tings

Scannings more broken up

Write down - menory jogger

Remember what needs to be done later
More prepared

Put emotions aside - not feel rushed
Greater sense of usgcy

Assume tidpter control

Do more, tryto get everyhing covered
More paper stops

P RPRPRPRPRPERPRPRPERPERPRPEPEPEERENNNDNNNDNNNNOOPMNOCIOIOOOOO N 00O
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Ask ARTCC to gve a headingo an airplane

Use crossingestrictions

Work at constant pace

Getaircraftin quicker

Assign speeds

No influence on planning

Use data blocks

No second gess

More precise decisions - make it work,rigor wrong
Stop and think beforeigng clearance

Make sure it works

More careful about altitude chaesy

More precise on vectors

Not let the number of aircraft comimy leavingrush yur decisions

RPRRPRREPRPRRPRRPRRPERRRRR

Table BL3. Types Of Aids That Wuld Benefit Controller Decision Makingnd Planning

Type of aid

Number of participants

Conflict probe

Better weather status information

Data link

Better radar

Data block improvements

Use of color display

Electronic flight progess strips

Planningtools

Ground radar improvements

Better radio/communications

Organizational improvements

Databases

Reduce manud entries

Projection tools

Ergonomic improvements

Training

Airspace and reggations mprovenents

Cockpit

Less coordination

Developers of new ATC equipment should consider controitgrat
Reduce time not lookingt the screen

Make pilots moresattentive

Messags on radar displayhelp controller keep his eg on radar
display

ACE replaced byaster tool (dom’have time to wait for pago load up)
Automated conflict resolution - displey on PVD (plan view displgy
STARS (Standard Ternmal Automation Replacenent System)

Cdl sign blinkingwhen arcraft is in free track (hdps ensureautomdic
handoffs)

24
18
17
14
12
11

~ 00 00 © ©
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Table BL4. Type Of Conflict Probes Desired/Barticipants

Conflict Probe Numbe of paticipants
Conflict probe that considers traffic in other sectors (lcarge conflict
probe)
URET (User-Request Evaluation Tool)
AMASS (Airport Movement Area Surface §stem)
UPR (conflict probe tool in CTAS)
Conflict detection and resolution tools like in Europe
Electronic flight strips with conflict detection
Usecolors on rda display to facilitate conflict prevention
Improve conflict alert on overtakes

PRRPRRRPMNO ©
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Table BL5. Desired mprovements To Wather Statusformation Display

Improvement Number of participants
More accurag weaher nformaton on radar diplay (e.g, NEXRAD) 15
Colored weather information on radar - 1
Display weether & morelevels 1
Doppler radar information displag on scope when requested 1

Table BL6. Comments Resyding Data Link Communication

Number of
Commaeant -
paticipants
Use Data ink to avoid congstion of the frequency 11
Use DDTC(Data link Delvery of expeced Tax Clearances) 2
Ability to useautomded compute entries for arivals usingthesane
descents 1
Data link would make pilots better at listening 1
Implement Data ink with triple-check acknowledgent (pilot to copilot to
controller) 1
Ability to send sped dearances to morethan oneaircraft at atime 1
Table BL7. Desired mprovements To Radar Dispky
Number of
Improvement participants
More accurate information - speedsignd speed 3
More accurat information - radaiflo target jumps 3
Reliable equipmentthprove eisting aids 2
Use backup radar that would be the same as the pronary 1
More reliable and precise radar information 1

Larger screens on D+ige (Digital Bright Radar mdicator Tower Equipment )
with larger charactrs

More accurat and up-b-dak information

Better radar - digitized radar

Better secondaryadar

Better radar - beacons and datastagt disappearing

Designators for dl aircraft in low dtitude sectors

Range rings

RPRRRRRERBR
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Table BL8. Proposed Modifications To Datddgks

Modification Nur_n_ber of
paticipants
Presentation of speed and destination in data block not alter(jatasgnted
on saneline constantly or dternating moreoften) 1
Auto data block separation 1
Add one line on data block with 2 fields with shared info: HeagliAgplane
Type, Destination, and Nekix 1
Display rates of desaeent and dimb 1
Ground speed replaced with aircrafppéyand destination when puttingrsor
on the data block 1
Assigned headingnd speed in data block 1
Add one line on data block with headiagd assiged heading 1
Add one line on data block with destination anaetyf aircraft 1
Route displayn data block (as in DSR) 1
Visual cue on data block showimghich aircraft is on frequency 1
Displayin data block in which sector the aircraft is in 1
Color coded data blocks for spacipgpgams 1

Table BL9. Sugyestions Regrding Use Of Colors On Radar Display

Sugpestion Numbe of paticipants

To help remember overflids

To identifyarrival airports (AD or leader link)
To facilitate conflict prevention

Colored weather information

Colored VFRaircraft

Color coded data blocks for spacipgpgams

RPRRPRERNON

Table B20. Requested Planningjids

Planningtool Nur_n_ber of
paticipants
FAST - Anal Approach Spacingool (CTAS tool) 2
SMA - Surface Moverent Advisor 2
Traffic Situdion Display (TSD) - TMU tool preenting traffic information
acrossitie USA in frontof each combller 2
CTAS route display 1
Ghost targt generator for final approaches (presented in different colors) 1
Tool that recommends runwagsigiment 1
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Table B21. Desired mprovements To Ground Radar $asted B/ Tower Controllers

Improvement Number of participants
Data blocks on ASDE 7
Display ASDE on window so controllers see thrbug 1
Integrated D-Brite and ASDE ralar information 1

Table B22. Suggested mprovements To Radio Communicationsg&m

. Number of
Suggestion paticipants
Better radios or frequencies to avoid cestjon of the frequency 7
Visual cue on data block showimghich aircraft is on frequency 1
Somehing to reassureclearances (problan with similar cal signs) 1
Should be able to overpower and transmit to other aircraft when
microphone is stuck 1
Table B23. Organizational Improvements
Suggestion Number of responses

Arrival and departures schedules that are more spread out 2

Better work schedules (less tiring 1

Involve D-side in planning 1

Less managnent 1

Less interference from TMU 1

Two people per sector 1

Get rid of National Command Center (micromasagnt causes delgy 1

Hire more personnel 1

Flow control - restrictions to avoid coested sectors 1

More reliable monitor dert in TMU (beter predictions of trdfic flow) 1

Table B4. Implementation Of Databases
Database Number of
responses

Computers should know all fs/Database of fies/Route keyo anyfix

(beyond 1st ones out of own airspace) 7
Database of all call sig (useful with new or unusual call sg) 1
Airport identifications recogized byARTCC Host computer 1

Table B25. Sugestions To Reduce To Amount Of Manual Entries

Suggestion Number of responses
Reroute amendments via other means than the 6.7.10 (use rgute key 3
Faster data entryreduce the need to wait for computer to process entries 1
Recall function asin DSR to reluce flight plan entry time 1
DIAK keyboard 1
STARS will requiretoo many compute entries 1

B-15



Table B26. Sugestions Regrding TrajectoryProjection Tools

Suggestion Number of responses
Ability to project flight routes when consideing changes to flight plans 2
Routedisplay of arcraft in othe facilities 1
Projection of dtitude based on rde of dimb 1
Use CTAS route display 1
Table B7. Sugyested mprovements To Exanomics Of Equipment And Environment
Suggestion Number of
responses
Need to establish whd are the optimd lighting parameters in thecontrol
room 1
DSR configiration does not leave endugbom in sectors for trackers 1
Enhance ergnhomics of equipment 1
Remove mullions (support fotags in tower cab) 1
New strips holders are too iy 1
Use cordéss headsst 1

Table B8. Sugyested mprovements To Controller Training

Suggestion Number of
responses
Raise standards of trainimgogams 2
Training aid to hep contollers (espedlly trainees) éarn he perfornance
characteristics of different airplanes 1
Tower trainingon simulators 1
Annual refresher (scored) 1
Table B29.Proposed Chareg To Airspace And Redations
Chang Number of responses
Reduced separation above 29000 feet 2
Reconfigire busysectors 1
Special VFR procedures 1
More airports capable of \H- 1
Reduced separation requirement when aircraft crosses behind other aircraft 1
Reduced front-to-front sparation (3 miles insted of 5) 1
Allow visual separation above actual standard 1
Table B30. Suggested mprovements To Aircraft Cockpits
Number of
Improvement
responses
Free Hight: better cockpits would help controllers 1
TCAS in cockptsis beneft to contollers because [ots see e taffic and
wont ask useless requests 1
Equip all aircraft with RNAV (area nawjon) for bad weather 1
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Table E31.Decision-MakingAnd Planningssues Overlooked Durinthe hterview

Issue Number of responses

Effects of work schedule (rotatirghifts, time on position, etc.)
Effect of TMU restrictions - interaction with TMU

Personal factors (personal life and sleefien the nigt before)
Influence of managment

Labor relations

Ability to think in three dimensions

Radar smpesdtings

Eurocontrol traffic managnent concepts

Influence of moods

Influence of morale

Interaction with supervisors

Pesondity (how to @pewith othe people)

Questions investatingwhy controllers make specific decisions
Thinking at different positions (R-side versus D-side)

PRRPRRPRRRPRPREPNNDNW MO

Table B32. Sugestions Made B Participantsi Question 26

Suggestion Number of
responses
Elevate requirements for hiring 2
System needs to focus more on secuhign on savingnoneyto airlines 1
Rerun senaios with systematic ar traffic opeations research initiative - check if
wha | just s&d would bethe sane, obseve real-time decision m&ing 1
Research controllers who have not had errors and look at their techniques 1
Recogition that human make mistakes, even the best controllers 1
Need to know how to improve planniagd self criticizingalso need to realize
how you performed 1
Need airlines to schedule flits more spread out 1
How to preventhear back and read back errasncentate on read backs 1
Going back b basts, ensung all enployees neetthe basts 1
Airline representaive in control room 1
Need to select capable people who can make fast decisions 1

Note. Relative frequencies in parentheses.
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Table B33. Comments Resding Controller Training

L Number of
Trainingissue
responses

Provide refresher training 3
Provide computer-based instruction (G&ssons) on decision making 2
Trainingis the most important 1
Screeningprocess was better thatndin to succeedphilosophy 1
Need to improve training 1
Controllers should learn how to be fieke, adapt, and improvise 1
Controllers should be trained not oy how to separate but on how to be
efficient 1
A system that would replag sector during certain amount of time would be
a geat trainingool 1

Table B34. Air Traffic Control Problemsdentified By Participants

Problem FFequency
Delays not onlybecause of command also because of lack of skills 1

Diffic ult to automae decision m&ing
FAA should improve ésprit-de-corps”
Frequencycongestion

Pilot listening skills Vs. ocdkpit duties
Pilots ae difficult to pralict
Separation stratégs have been the same since 1957 and need to be improvéd

s

Traffic augnents but human capady stays the sane 1
Problean with people going from lowe to higher facilities 1
System needs to be moderadz 1
Problem with DSR, diffiault to essumeR-sideand D-sideat sanetime 1

Table B35. General Comments MadeyParticipantsi Question 26

Comment IFequency
Making good decisions or being good controller is a matter of talent, not training 3
Decision makings as @od as the individual (healthgood attitude) 1
Good controllers can adapt (innovate), thok everything or proceduralie
everything 1
Easyto be a ATCS (consists simgly decidingwhen and how much to chastihe
atitude, vector, and sped of arcraft) 1
Most important question: whgome controllers work laegvolume of traffic with
ease? 1

Decision makings based on gerience (havingeen it) andgu alwa learn (see
things never seen before)
Experience is overridingactor for everthing 1

[ERN
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FEDERALAVIATION ADMINISTRATION
INSTITUTIONAL REVIEW BOARD APPLICATION FORM

|. THE REEARCH PROPOSAL

Principal hvestigtor: #an-Fancois D’Arcy Degee: Ph.D.
Lab/RoutingSymbol: ACT-530/Sytem Resources CorporationPhone: (609) 625-5669%4

Title: Human Factors Emgeer
Co-Principal hvestigtor: Earl S. Stein Degee: Ph.D.
Lab/RoutingSymbol: ACT-530 Phone: (609) 485-6389
Title: Engneering Research Psyhologst, Technical Project Lead

Collaboraing Investgators (gve identfying info for each):

Project Title: Air Traffic Control Speialist Decision M&ing and Straegic Planning— A Held
Suey

Sponsor:

PLANNED STARTING DATE AND ANY CONSTRAINTS ON START DATE.

7/99 Constraints:

1. STUDY POPULATION

Age Rang: 18-65 Gender:Male[X] Femde[X
Specil Qualficaions: CurrentAir Traffic Control Specalists

Source of Subjects:

Number of Subjects150

Exclusion Giteria (if any):

Mark anyof the followingsubject goups that are included:

Children [ ] PreqantWomen[ |  MentallyDisabled [ ]

Elderly [ ]  Prisoners [ ] Federal Emploges [X

If anyof these goups are included oy micht consult with theRB Chair prior to submittinghis
application.

lll. USE OF INVESTIGATIONAL DRUGSOR DEVICES
Does this studjnvolve the use of investgional drug or devices? Yes[ | No[X

USE OF ONIZING RADIATION
Does this studjnvolve the use of ioning radiation? Yes[ | No[X

V. REQUES FOR EXEMP STATUS OR EXHEDITED REVIEW
| request this application be considered as: Exempt_]
(Attach exylanaton of whyexempt or expedted criteria are nat.)

ExpeditedX]
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FEDERALAVIATION ADMINISTRATION
INSTITUTIONAL REVIEW BOARD APPLICATION FORM

VI. PROTOCOLREFERENCES
Pag No. Topic CONSENT FORM REFERENCES

o Purpose Page No. Topic

o Backgound 1 Description of studyopulation

o Risks 1 Bendfits

- Inclusion/Exlusion Criteria 1 Compasdion/Injury

o Duration of Paticipation 2 Contact Point for Subject’s
Questions

o Ealy Terminaion Criteria
Confidentiaity

EXPERIMENTAL PLAN

.

Withdrawal with impunity
Subjects Assurances

Facilities
Methods/Procedures
Risk Andysis

Medical Monitoring
DATA
Collection/Andysis
Statistical Justification
Confidentiaity

LIST OFREFERENCES

LIST OF ATTACHMENTSTO
PROTOCOL
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FEDERALAVIATION ADMINISTRATION
INSTITUTIONAL REVIEW BOARD APPLICATION FORM

VII. CERTFICATION/SGNATURE

| certify that the information contained herein (application, research protocol, consent form if
required) is true and correct, and thhtle received approval to conduct this research projgct
from all persons named as collaboratimgestigators and from mglivision managment.

P.l. SGNATURE: DATE:
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Interview Number

Interview protocol

Introduction

Thank the respondent for his/her cooperatidtiesert yourself and gur role in the study

Describe theyoal of the study“The goal of the studys to gain a better understandirgj the
decision-makingnd planningechniques used WAir Traffic Control Specialists in operational
sdtings. We are presently interviewing active ATCSs from diffeent types of facilities and we
ask them questions on how thmyke their decisions, what information these, what factors
influence them, etcWe believe that enhancirgur understandingontroller decision making
and planningcould help to improve trainingnd lead to the development of decision support
systams thd will be adgpted to theuses.”

Another objective of the studg to present the results inechnical report, and maye in
scientific publications or conferences.

Emphasie that onfidentiality andanonymity will be protected.

Insist that we are interested in the methods us&drbiraffic Control Specialists in@peral and
not by the answers of spdit individuak. Specfy thatthere areno right and wrong answers
and hatwhatwe are mteresed in are he opinons of Ar Traffic Control Specalists.

Speify tha you will read the questions to the respondent and thatsheyld feel free to ask
you to repeat or to @kain questions that are not clear.

Mention thd you will betaking notes but that theyshould feel free to look at them at Eme.

Ask permission to use audiape recorder to dlow researche's to ®@mplee thar handwritten
notes

Ask the respondent to read thensent form carefullyand to sig two copies if she/he eggs.
Sign and keep the consent form andegone copyo the respondent.

Ask if there are anguestons.

Controller background infornation

Sex 1) Female 2) Male
Type of facility : 1) Towe only
2) TRACON only
3) Tower and TRACON
4) ARTCC
Your facility level:
Your position: 1) ATCS 2) Staff (staff currengy
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Interview Number

Years in ATC:

Years Months
Years in yur facility:

Years Months

Othe facility type experience (in numbe of years):

Toweronly:
TRACON only:
Tower and TRACON:
ARTCC:

May | ask yu your age?

[START RECORDER]
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Interview Number

Questions
Q-1. A) How do you establish the mental picture prior to assuncmiggrol of the position?

B) Once the briefings over and gu assume gqur position, how much planningaveyou
alreadydone?

Q-2. How do you useflight strips? Do you use them to identifgotential conflicts, for quick
reference,backup to radar data, memoayd (memoryjogger), or to help maintain the
picture?

Q-3. Does the wayou scan gur radar displaghang dependingon the situation?Do you
always look for the same pe of information?

Q-4. We are interested in memoBs yu use it. What personal techniqueko you usethat
hdp you mantain thepicture and renembe the plans tha you will execute only later on?

Q-5. How did your wayto plan and separate aircraft chamgth experience?

Q-6. How do mntrollers keep improving thar planning and s@aration skills dter formd
training?

Q-7. What is the effect of agon controller planningnd decision makingr whathaveyou
observed that more seasoned controllers do diffefently

Q-8. As your workload increases to the point wheoel yare reallyobusy how doest influence
your separation decisions and planfing

Q-9. In what wayg does fatige influence the strategs yYou choose?
Q-10. When do pu tend to ask for help or when should controllers ask for help?

Q-11. How do you deal with boredom on position and how does it influenmar \separation
strateges and plannirg)

Q-12. How do direct flights influence gur decisions and plannifig

Q-13. How much do you adgpt your decisions ad planning to the requests, pesondity and
skills of the controllers workinwith and aroundgqu?

Q-14. [RADAR ONLY] How much are gu aware of whaits going on in adpcentsecors?
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Interview Number

[TOWER ONLY ] How much are gu aware of what isang on at the other positions?

Q-15. Under what conditions will you honor pilots requests and how does it influenmer y
decisions and strategplannin@

Q-16. When do wu build a buffer beynd minimal separation?

Q-17. What does“bet on the come” mean to qu and do novices and @arienced controllers
“bet on he cone™?

Q-18. Whenyou identify a potentialconflict, how often do gu use the first stratgghat comes
to your mind and do not even need to consider other alternatives?

Q-19. Do you normally have a backup plan, in caseoyr initial stratey does not work?
[Under what conditions do you fomulate a badkup plan?]

Q-20. When you ae not suref there is aconflict, is it someimes better to wait and see how the
situaion develops or is it &ways preerable to act immediately and resolvetheissu€

Q-21. In a hidh workload situation, wouldou tend to actapidly and implementthe first
satisfactoryaction that comesto your mind or would gu make sure to consider a few
alternatives before doiranything?

Q-22. To your knowledg, do controllers who handle la&golumes of traffic with ease have
any speia skills, atributes or techniques?

Q-23. Wha situdions or conditionsmake it the most diffiault to mantain separation and how
do theyinfluence wpur separation strategs and plannirg)

Q-24. Someplanningand conflict detection aids are available ta fe.g, MSAW [TRACON
and En route] conflict alert). Do you use anyof them and how do thewmfluence yur
decision makingnd planning [Probe for more exanplegd

Q-25. What other tpes of aids would helpoyr decision makingnd planning

Q-26. [Last question] Is there anthing that | should have askedy about decision making
and planninghat loverlooked?

Close out

Thank the respondent for his/her cooperation.

Reemphasize that confidentialapd anonsnity will be protected.

Ask if there are anguestons.
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FAA William J. Hughes Technical Center
ResearchDevebpment and Human Factors Laboratory
Air Traffic Control Specialist Decision Making and St ategic Planning — A Field Survey
Individual’'s Consent to Voluntary Participation in a Research Roject

[, , understand that this stutied “Air Traffic Control
Specialist Decision Makingnd Stratelg Planning- A FHeld Surveyis sponsored byhe
Federal Aviation Administration and directed By. Earl Stein ACT-530 NAS HumaraEtors
Laboratoryand assisted byr. Jean-Fancois D’Arcy

Nature and Purpose:

| have been recruited to volunteer as a participant in the project named @heyeurpose of
this studyis to eylore with an interview the decision-makiagd plannindechniques used by
Air Traffic Control Speidlists in opeationd setings. The purposeof this studyis to
scientificallyinvestigate the planningnd decision-makingoncepts.Participants are subject
mater experts and researche's ae not evaluating them in any way. Thetime requirement for this
task is approxnately45 minutes.

Interview Procedue

During theinterview, theinterviewer will ask somebiographical information and quetions

regarding decision m&ing and opeationd planningin ar traffic control. Theinterview will be

hdd in aprivate sdting. Theinterviewer will take notes duringtheinterview and | may consult
thenotes if | wish. Audio recordings will also bemadeto dlow researchers to veify or

complde the handwritten notes after theinterview. If | make therequest, thetape recorde will

be turned off.All collected information is for use within the Research and Development Human
Factors Laboraory only and will be kept confidential.

Benefits

| understand that the ontdljrect benefit to me is the satisfaction of knowihgt I contributed to
our knowledg about decision makirgnd planningn air traffic control.

Participant’s Assurances:

| understand that nparticipation in this studis completelywoluntary | am participating
because Wwant to. The researcher has adequataigwered angnd all questionshave about
this study my participation, and the procedures involvédinderstand that the researcher will
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be available to answer agyestions concerningrocedures throdmput this study | have not
given up any of mylegal rights byconsenting to this inteview.

| understand that records of this stwdil be kept confidential, and thatill not be identifiable

by name or description in amgports or publications about this studyudio recording are for

use within the Research and Development Hunzatdfs laboratoryonly. Any of the materials
that mayidentify me as a participant cannot be used for purposes other than internal Research
and Development HumaraEtors laboratorywithout mywritten permission understand that |
can withdraw from the studgt anytime without penaltyr loss of benefits to whicham

othewise entitled.

If I have questions about this stumlyneed to report argdverse effects from the research
procedures, Will contact Dr. &an-Fancois D’Arcyat (609) 625-5669 ¢x154. | mayalso
contact Dr. Earl Stein (609) 485-6389, the Air Traffic Humantérs Technical éad at any
time with questions or onaerns.

| have read this consent documehntinderstand its contents, anfildely consent to participate
in this studyunder the conditions describeddhave received a comf this consent form.

Research Paticipant: Date:

Investigator: Date:
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